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patient is normal or abnormal, 3) identifying those clinical 
variables which are significantly affecting the patient's 
health, and 4) observing any significant longitudinal drift 
in the patient's health. 
I wish to acknowledge my sincere appreciation for the 
assistance provided by my advisory committee: Dr. Hamed K. 
Eldin, Committee Chairman and Thesis Adviser; Dr. James E. 
Shamblin and Dr. M. Palmer Terrell, of the School of Indus-
trial Engineering and Management; Prof. Fredrick M. Black 
of the Computing and Information Sciences Department; and 
the late Dr. Wilson J. Bentley of the School of Industrial 
Engineering and Management. 
The support of the George c. Marshall Space Flight 
Center {MSFC) is gratefully acknowledge, with special thanks 
; ; ; 
to James H. Spraul, M.D., Director of the MSFC Medical 
Center; and Mr. L. D. Martin of the MSFC Computational 
Laboratory. 
The encouragement and suggestions of Wallace B. 
Frierson, M.D.; Louis B. Arnoldi, M.D., Director of Occupa-
tional Medicine and Environmental Health, NASA Headquarters, 
and Albert Oberman, M.D., Department of Public Health and 
Epidemiology, University of Alabama, is gratefully acknow-
ledge. 
I am indebted to Computer Sciences Corporation, and 
especially Mr. H. R. Wallace, for his personal assistance 
throughout my research. 
Finally, and most importantly, my deep appreciation is 
extended to my wife, Kathleen, our daughter, Shannon, and 
our son, Bradley, for their understanding, encouragement, 
and many sacrifices. 
iv 
TABLE OF CONTENTS 
Chapter Page 




Origin of the Problem. 
Research Objective 
Related Research 
APPROACH TO THE PROBLEM 






Imposed Problem Constraints • • • • • . 21 
Source of Data . . . • • . . . . . 22 
Selected Clinical Variables . 
Phenomenon of Normality ..••. 
DEVELOPMENT OF THE MODEL • • 
Classification of Data 
Check of Univariate Densities for 
Normality •..•...... 
Check of Multivariate Densities for 
Normality . . . . . • . . . . . 
Grouping of Age Groups ..... 
Patient Classification Procedure 
Model outputs ........•. 
Computer Programming and Hardware 
Requirements ... 
TEST AND EVALUATION 












. . . 
. . . 















Analysis Using Original Sample ...... 89 
Analysis Using Independent Sample . 108 




CONCLUSIONS . . . . . . . . . . . . . . . . . • 123 
Summary of Results ••. 
Use of Research Results·· 
Possible Uses of Research . 
. Areas of Additional Research 
. . . 123 
. . . 126 
• • • 127 
• 129 
SELECTED BIBLIOGRAPHY. . . . . . . . . . • 132 
APPENDIXES . . . . . . . . . 
APPENDIX A - DESCRIPTION OF CLINICAL 
VARIABLES •••••••• 
APPENDIX B - SAMPLE PLOTS OF VARIABLES ON 
PROBABILITY PAPER ••• 
• 134 
• • 135 
. . . 143 
APPENDIX C - ESTIMATES OF POPULATION STATISTICS 
FOR EACH AGE GROUP • 160 
APPENDIX D - GAMMA PROBABILITY PLOTS FOR EACH 
AGE GROUP • • • • • • • • • • • • • 171 
APPENDIX E - AGE GROUP COVARIANCE MATRICES. • 182 
vi 
LIST OF TABLES 
Table Page 
I. Distribution of People within Age Groups . . . 35 
II. Distribution of Variables within Age Groups 36 
III. Transformation of Variables 38 
IV. Distribution of Univariate Outliers 40 
V. Age Group Means 42 
VI. Age Group Standard Deviations 43 
VII. Distribution of Multivariate Outliers 46 
VIII. D2 Values Between Paired Age Groups 50 
IX. Summary of Clustering 53 
X. Chi-Square Values·Between Paired Age Group 
Mean Vectors . 55 
XI. Data for Testing Homogenity of Covariances 
( ~ = !) . . . . . . . . . . . . . . . . . 5 9 
XII. Data for Testing Homogenity of Covariances 
(!=Eigenvector of Largest Eigenvalue) 61 
XIII. Data for Testing Homogenity of Pooled Covar-
iances (a= Eigenvector of Largest 
Eigenvalue). . . . . . . . . . . . . . . . . 63 
XIV. Pooled Correlations between Variables 65 
XV. Patient Summary - Personal Data. 78 
XVI. .Patient Summary - Prior Abnormalities 79 
Table Page 
XVII. Patient Summary - Physical Examination 80 
XVIII. Patient Summary - Doctor 1 s Comments . . . . . 81 
XIX. Patient summary - Laboratory Results . . . 82 
xx. Patient Summary - Occupational Statistics 83 
XXI. Results of Model's Classification Using 
Original Sample . . . . . . . . . . 90 
XXII. Model's Classification Compared with Doctor's 
Diagnosis (Using Original Sample) . . . 94 
XXIII. Prevalence of Diseases for Original Sample 96 
XXIV. Comparison of Model's Classification Versus 
Patient Diagnosis . . . . . . . . . . . 98 
XXV. Comparison of Obesity Diagnosis 
XXVI. Results of Model's Classification Using 
Original Sample (Based on only those 
99 
Diagnoses Possible from the 28 Variables) 101 
XXVII. Model's Classification Compared with Doctor's 
Diagnosis (Based on only those Diagnoses 
Possible from the 28 Variables) . . . . 102 
XXVIII. Comparison of Model's Classification Versus 
Patient Diagnosis (Using Initial Sample) 104 
XXIX. Values Falling Outside Limits 106 
xxx. Results of Model's classification Using 
Independent Sample ....... . 109 
XXXI. Model's Classification Compared with Doctor's 
Diagnosis (Using Independent Sample) • • • • 112 
XXXII. Comparison of Model's Classification Versus 
Patient Diagnosis (Using Independent Sample) 114 
Table Page 
XXXIII. Comparison Between Initial and Independent 
Samples . . . . . . . . . . . . . . . . . . 115 
XXXIV. Major Variables Contributing to Chi-Square 
Value Versus Doctor Diagnosis. • . 117 
xxxv. Comparison of Model's Agreement ... 125 
XXXVI. Population Statistics for Age Group 20-29 .. 161 
XXXVII. Population Statistics for Age Group 30-34 162 
XXXVIII. Population Statistics for Age Group 35-39 163 
XXXIX. Population Statistics for Age Group 40-44 164 
XL. Population Statistics for Age Group 45-49 .. 165 
XLI. Population Statistics for Age Group 50-54 .. 166 
XLII. Population Statistics for Age Group 55-59 167 
'.X:4III. Population Statistics for Age Group 60-64 168 
XLIV. Population Statistics for Age Group 45-54 169 
XLV. Population Statistics for Age Group 55-64 170 
XLVI. Covariance Matrix for Age Group 20-29. 183 
XLVII. Covariance Matrix for Age Group 30-34 . 186 
XLVIII. Covariance Matrix for Age Group 35-39. 189 
XLIX. Covariance Matrix for Age Group 40-44 192 
L. Covariance Matrix for Age Group 45-49 195 
LI. Covariance Matrix for Age Group 50-64. 198 
ix 
LIST OF FIGURES 
Figure Page 
1. The Computer's Potential in Screening 
Programs ............. . 5 
2. Single Variable Tolerance Region. 8 
3. Two Variable Tolerance Region 9 
4. Bivariate Ellipsoidal Tolerance Region. 9 
5. Typical Decision Table Used in Diagnosing 15 
6. Data Input Flow 23 
7. Storing of Medical Data 26 
8. Plot of the Bivariate Normal Density. 32 
9. Clustering of Age Groups .. 52 
10. Testing Homogenity of Covariances Using~= (1) 58 
11. Testing Homogenity of Covariances Using 
~=Eigenvector of Largest Eigenvalue 
12. Testing Homogenity of Pooled Covariances 
60 
Using~= Eigenvector of Largest Eigenvalue. 62 
13. Patient Health Profile 1 72 
14. Patient Health Profile 2. 73 
15. Patient Health Profile 3 ... 74 
16. Patient Longitudinal Drift. 77 
17. Generalized Flow Diagram of Programs . 87 
Figure 
18. Distribution of Chi-Square Values Using 
Initial Sample .•..•.••••.• 
19. Distribution of Chi-square Values for 
Page 
92 
Independent Sample .....•..•..••• 111 
20. Longitudinal Drift in Patient Chi-Square 
Val lies . . . . . . . .. . . . . . . • 119 
21. On-Line Capability of Patient Health Profiles . 130 
22. Chest X-Ray . 14,0 
23. Wave~ of the Electrocardiogram. . . • • • 141 
24. Height for Age Group 55-59 . . . 144 
2 S. Actual/Ideal Weight. for Age Group 55-59 . . 145 
26. Actual/Ideal Weight for Age Group 55-59 . 146 
27. Arm Skin Folds for Age Group 55-59 . 14.7 
28. Arm Skin Folds for Age Group 55-59 . . . 148 
29. Glucose for Age Group 55-59 . . . . 149 
30. Glucose for Age Group 55-59 . . . 150 
31. White Blood Count for Age Group 55-59 . . . • • 151 
32. White Blood Count for Age Group 55-59 . 152 
33. Urine pH for Age Group 55-59 . . . . 153 
34. QRS Duration for Age Group 55-59. . . . . 154 
35. QRS Duration for Age Group 55-59 . . . . 155 
36. EKG Heart Rate for Age Group 55-59. . 156 
37. EKG Heart Rate for Age Group 55-59 • . . . 157 
38. Thoracic Diameter for Age Group 50-54 . 158 
Figure Page 
39. Forced Expiration Volume for Age Group 55-59 . . 159 
40. Multivariate Check for Age Group 20-29 . . . 172 
41. Multivariate Check for Age Group 30-34 . 173 
42. Multivariate Check for Age Group 35-39 . . . . . 174 
43. Multivariate Check for Age Group 40-44 . . . 175 
44. Multivariate Check for Age Group 45-49 . . . 176 
45. Multivariate Check for Age Group 50-54 . . . 177 
46. Multivariate Check for Age Group 55-59 . . . . . 178 
4 7. Multivariate Check for Age Group 60-64 . . . . . 179 
48. Multivariate Check for Age Group 50-54 Using 
Covariance for Age Group 50-64 . . . . . . . . 180 
49. Multivariate Check for Age Group 55-64 Using 
Covariance for Age Group 50-64, . . . . . . . . 181 
xii 
CHAPTER I 
FORMULATION OF THE PROBLEM 
Origin of the Problem 
The health of a nation's people has traditionally been 
measured by the rate at which they die. A nation's death 
rate which is decreasing is considered an indication of an 
increase in the nation's health. However, in recent years 
the concepts of health have undergone significant changes. 
No longer are decreasing death rates being considered as a 
measure of health. Instead, emphasis has shifted to the 
total quality of life rather than the length of life and to 
the positive elements of good health rather than merely the 
absence of disease. 
It has been suggested that in the future it may be 
possible to compile a health index similar to the gross 
national product index. Such an index could be called the 
gross national health deficit. This index would combine all 
the days of healthful living which are lost each year by the 
sick, the days of life lost through death that comes too 
soon, and all the impairments suffered because of lack of 
, 
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medical treatment and advice. such an index still stresses, 
as do conventional health statistics, the negative aspects 
of health. 
The applications of computers to medical research and 
practice are relatively new. In the early 1960's computers 
were almost unknown in medicine. Today the situation has 
changed considerably. Many leading hospitals use computers 
for many different purposes from calculating doses of medi-
cines to planning menus. However, the use of computers to 
assist the physician is still in its infancy. There is 
little doubt that because of the rapid increases in the 
volumes of medical data, the physician of the future, and 
also of the present; will need new methods of arriving at 
diagnoses. Computers, with their large storage capacities 
and their fast computational capabilities, offer the means 
of assisting the physician. 
Before computers can be used to assist the physician in 
diagnosing, it is important to understand the process used 
by physicians in making_a diagnosis. An oversimplified 
explanation of the diagnosis process follows. First, the 
physician obtains the case facts from the patient's history 
questionnaire, physical examination, laboratory tests, etc. 
Second, he evaluates the relative importance of the 
different signs and symptoms. Some of the data may be more 
3 
heavily weighed than other data in his evaluation. Third, 
the physician makes a diagnosis. The diagnosis consists of 
listing all abnormalities which the case can resemble. 
Then, by an exclusion process on the compiled list of abnor-
malities;, a specific abnormality is determinedr or it may 
be that the abnormality cannot be determined. 
Quite often the physician, after seeing the patient, 
has a II feeling". about the case. This II feeling" which is 
difficult to explain, is generally a summation of the 
physical impressions concerning the way the data seems to 
fit together, the patient's reliability, general appearance, 
facial expressions, and so forth. 
Errors do occur in diagnosing; however, it is widely 
believed that the majority of errors result from excluding 
possible abnormalities during the diagnosis than from any 
other source. It is here where the computer can provide a 
valuable service to the physician by reminding him of all 
possible conditions and abnormalities associated with the 
case. 
One area where computers have tremendous potential in 
assisting the physician is in analyzing a patient's health. 
Such an analysis of a patient's health is commonly 
accomplished through a routine physical examination. A 
phrase in vogue for this area of analysis is multiphasic 
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health screening. The concept behind multiphasic health 
screening is to detect any abnormalities that a patient may 
have with the minimum nuntber of tests and for a nominal fee. 
Those patients having abnormalities, or possible abnormal-
ities, are then referred for further and more detailed 
examination. 
The computer's role in multiphasic health screening is 
illustrated by the flow diagram in Figure 1. A patient 
arrives at a medical clinic for a routine physical exami-
nation. Upon arrival, the patient completes a medical 
history questionnaire. The responses to the questionnaire 
are stored in the computer. A routine physical is then 
administered to the patient. Medical technologists gener-
ally administer the majority of the tests without the 
physician's assistance. A typical physical includes such 
tests as vision, hearing, physical characteristics, blood 
chemistry, urine analysis, chest x-ray, electrocardiogram, 
and pulmonary functions. The results of these tests are 
also stored in the computer. 
After the physical examination the patient sees the 
physician. The physician reviews the medical history 
questionnaire and the results of the physical and then makes 
a diagnosis. To assist him in his diagnosis, the physician 




















Figure l. The Computer's Potential in Screening Programs 
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is stored in the computer, the computer is used as a tool 
to assist the physician in analyzing the patient's health. 
For example, the patient's measurements could be com-
pared with predefined norms, corresponding to his sex and 
age, and be displayed via a cathode ray tube. Those 
measurements falling outside the predefined limits could be 
flagged. Various statistical tests could also be made on 
the patient's data. Measurements from the patient's present 
physical could be compared and displayed with his previous 
physicals in hopes of detecting any drift in the patient's 
health. Also, significant data from the patient's past 
medical history could be retrieved from the computer and 
brought to the physician's attention. 
An example of the multiphasic screening concept can be 
seen at the Kaiser Permanente Clinic in California (1) (2). 
This clinic is often considered the birthplace of multi-
phasic screening. At the clinic patients register at a 
rate of two every five minutes. Patients undergo a battery 
of medical tests, passing from one test station to another 
like parts in an assembly line. Computers are extensively 
used to store, retrieve, and analyze the patient's data. 
A similar program is being operated by the Tennessee Valley 
Authority (3). The TVA is using mobile multiphasic testing 
facilities. 
Research Objective 
Evidence of an abnormality in a patient presumes a 
knowledge .of the same patient in a different state of 
health. This difference may be noted by observing the 
patient when he was normal. Or, this difference may be 
noted by comparing the patient to a hypothetical group who 
possess similar characteristics, such as sex and age. 
A phenomenon of most physiological variables is that 
the distributions of these variables are generally normal. 
Therefore, it is possible to define a tolerance region 
which would contain a certain percentage of the values. 
Likewise, given a value of a clinical variable, a statis-
tical test could be made to determine, with a given confi-
dence, if the value is within defined limits. 
One technique for detecting a patient's abnormalities 
is to compare each of his measurements against a distri-
bution of that measurement for which the patient might be 
considered a member. 
If only one variable is used to classify a patient as 
normal or abnormal, the patient's value could be compared 
with the distribution of that variable as in Figure 2. For 
any value falling within the tolerance region the patient 
would be classified as normal. Likewise, for any value 
7 
outside the tolerance region the patient would be clas-
sified as abnormal. 
Tolerance Region 
Variable x 1 
Figure 2. Single Variable Tolerance Region 
If two clinical variables are used to classify a 
patient as normal or abnormal, the tolerance region would 
appear as a rectangle as shown in Figure 3. The patient's 
two variable observation can be plotted as a point in a 
plane. The assumption has been made that the two variables 
are independent. This is a common assumption in developing 
techniques for analyzing clinical variables. However, such 
an assumption does not consider the possible correlation 
which may exist between the variables. 
If the dependence between the variables is considered, 
the tolerance region for the two variable observation is no 
longer a rectangle. Instead, the tolerance region becomes 





















Two Variable Tolerance Region 
Variable x 1 
Tolerance 
Region 
Figure 4. Bivariate Ellipsoidal Tolerance Region 
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A two variable observation falling in the cross 
hatched areas within the ellipse could be quite normal, but 
would be considered abnormal when compared with the toler-
ance limits in Figure 3. However, more seriously, a two 
variable observation falling in the shaded area outside the 
ellipse might be abnormal, but would be considered normal 
when compared with the limits of the individual variables. 
In actual practice more than two variables are consid-
ered in determining if a patient is normal or abnormal. In 
general, an n-dimensional tolerance region must be consid-
ered. A patient's n-variable observation can then be tested 
to see if it falls within the tolerance region. If the 
point falls within the tolerance region, the patient would 
be classified as normal: otherwise, he would be classified 
as abnorma 1. 
Once the patient has been classified as abnormal, a 
next logical step is to determine which of the clinical 
variables contributed most significantly to the patient's 
abnormal classification. By identifying those significant 
variables it should be possible to diagnose the patient's 
abnormality. 
Another area of considerable interest is to obtain 
some measure of the patient's health and to observe this 
measure as a function of time. By observing any 
longitudinal drift, it should be possible to detect a 
change in the patient's health. 
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In summary, the purpose of this research is to develop, 
for use primarily in occupational or multiphasic. clinics, 
a compu~erized technique to assist the physician in analyz-
ing a patient's health. Using the patient's physical exam-
ination as the primary source of input, the automated 
technique will assist the physician in analyzing a patient's 
health by 1) summarizing the patient's prior medical data, 
2) determining if the patient is normal or requires addi-
tional medical attention, 3) identifying those clinical 
variables which are significantly affecting the patient's 
health, and 4) observing any significant longitudinal drift 
in the patient's health. 
Related Research 
Early interest in the subject of logical analysis of 
medical diagnosis may be attributed to the realization by 
some physicians that some sort of device was needed to aid 
diagnosis. The earliest diagnostic aids were handbooks 
listing the various signs and symptoms associated with 
various abnormalities. 
In 1954 an English physician constructed a mechanical 
device similar to a slide rule which enabled a physician 
12 
to match various combinations of eighty-two signs and 
symptoms in order to choose the most likely diagnosis from · 
a possible 337 diseases.· such a device could be helpful to 
a physician during consultation; however, it could hardly be 
considered an entirely satisfactory crutch for the physi-
cian's memory. 
Other investigators in the 1950's devised mechanical 
methods using cards. Initially, card and needle systems 
were used. Later punched cards and card sorters were intro-
duced. Note that all the above approaches did not utilize 
probabilistic relationships between symptoms and diseases. 
It was not until the introduction of the digital computer 
that probabilistic relationships could be considered. 
Since the introduction of the digital computer in the 
early l960's, a variety of approaches have been applied to 
the area of medical diagnosis. ·Several of these approaches 
are briefly discussed in the following paragraphs. 
Probabilistic Approach 
Warner (4) was the first in~estigator to successfully 
use a Bayesian conditional probability model, with the 
assistance of computers, to diagnose heart disease. Since 
1961 the Bayesian approach has been applied to the 
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diagnosis of bone tumors {5), the classification of psy-
chiatric patients {6), and the diagnosis of thyroid 
function {7). 
The Bayesian approach does have its limitations. It 
requires that the diseases in question be mutually exclu-
sive and that the symptoms be independently distributed 
given the diseases. 
Using the Bayesian approach the problem is to determine 
the probability that the patient has disease Dj, when it is 
known that the patient has symptom Si. The data upon 
which P{D·IS·) is derived comes from medical knowledge. J J. 
Such medical knowledge is generally given in the form of 
coaditional probabilities: namely, the probability P{SifDj) 
that a patient having disease Dy will have symptoms Si. 
Therefore, if medical knowledge is in the form of 
P(S,ID,), the problem is to determine the diagnosis 
J. J 
P(D,IS·): namely, the probability of having disease DJ, given 
J J. 
that the patient has symptoms S.. Using the Bayesian 
J. 
approach, P(Djlsi) is computed as 
= 
' P(D·) P{S,fD·) '- J J. J 
( 1) 
where the summation is over all possible diseases under 
consideration. 
Decision Table Approach 
14 
Decision tables have been used effectively in the past 
few years in several areas of medical diagnosis. One use 
has been for identifying heart defects (8). The applica-
bility of decision tables to medical diagnosis stems from 
the fact that the diagnostic process is primarily logical 
rather than computational. Decision tables are an ideal 
means for expressing complex logical relations between 
symptoms and diagnosis in a compact and readily understand-
able form. 
The decision table approach is a straightforward. 
approach. Each decision table is divided into four quad-
rants as in Figure 5. The upper quadrant contains a series 
of conditions or questions which are to be tested. The 
lower left quadrant describes the action to be taken depend-
ing on the outcome of the tests. 
Miscellaneous Approaches 
Several other statistical techniques have also been 
used in diagnosing. One of these techniques is discriminant 
analysis. Overall (9) has applied the technique to the 
15 
study of psychiatric diagnosis as a means of increasing the 
objectivity and the reliability of classification proce-






Figure 5. Typical Decision Table Used in Diagnosing 
Another statistical technique used in medical diagnosis 
is factor analysis. Again Overall _and Williams (10) have 
applied the technique to the study of thyroid function 
diagnosis. One hundred and sixty cases were selected at 
random for the study and twenty-seven measures of thyroid 
activity were selected for consideration in the analysis. 
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Uniqueness of Proposed Approach 
All of the approaches discussed in the preceding 
sections have one thing in common: each approach is oriented 
toward diagnosing specific diseases or abnormalities. There-
fore, each approach relies heavily on obtaining a valid 
sample of patients, who possess the required diagnoses 
and/or symptoms, to develop an approach capable of detecting 
the disease or abnormality. 
On the oth6r hand, the approach proposed in this 
research is to develop a generalized technique which only 
classifies a patient as normal or abnormal. such an 
approach has value as a screening tool for rapidly and 
economically determining, in general terms, if a patient 
is healthy or has some abnormality. Should the patient be 
classified as abnormal (based on a decided risk factor), the 
patient could be subjected to more thorough testing and/or 
referred to a specialist for treatment. 
CHAPTER II 
APPROACH TO THE PROBLEM 
This chapter presents the approach to the problem. 
Included in this chapter are a statement of the problem, the 
constraints placed on the problem, the source of data, the 
selected clinical variables, and a discussion of the nor-
mality existing in physical variables. 
Statement of the Problem 
The medical diagnostic process may be divided into the 
following four general steps: 
1. Review of the patient's medical 
record 
2. Comparison of the patient's infor-
mation with available medical 
information 
3. Diagnosis of the patient 
4. Treatment of the patient. 
The first step, the review of the patient's medical 
record, involves the physician familiarizing himself with 
the patient's medical record. This familiarization con-
sists of reviewing the patient's history data, such as 
18 
family disease history, present medications, and smoking 
habits; his physical examination and lab results; and other 
procedures, such as chest x-ray and .electrocardiogram 
results. 
The second step involves the physician comparing the 
patient's medical information (i.e., his signs and symptoms) 
with available medical information. The physician may need 
to review medical literature or recent medical knowledge to 
determine the possible causes of signs and symptoms which he 
has not frequently seen or to reassure himself that he has 
indeed made the correct diagnosis. One area of assistance 
to the physician in reviewing available medical literature 
is the Medical Library Automated Retrieval System (MEDLARS) 
which is being developed by the National Library of Medi-
cine. MEDLARS is a computer based medical information and 
retrieval system with remote terminal capabilities. 
The third step in the medical diagnosis process is the 
actual patient diagnosing. It is very difficult, if not 
impossible, to write a computer program which performs a 
complete d~agnosis. Care must be taken to separate research 
on the diagnostic processes of the physician from research 
on the computer techniques which give a medical diagnosis. 
The diagnostic process for the physician may involve a 
pattern recognition procedure in the first stage of 
19 
• 
diagnosing in order to focus quickly on a group of possible 
diseases (i.e., the differential diagnosis}. The second 
stage involves the physician using his memory of statistics 
(i.e., subjective probabilities} to arrive at a final 
diagnosis. 
The first stage of the diagnostic process, the proce:-
dure used to arrive at a list of possible diseases, is a 
difficult area to study. It is very difficult to determine 
how the physician arrives at a differential diagnosis. Con-
sequently, it i.s even more difficult to develop a computer 
program-which will perform a differential diagnosis in the 
sense that, when a new patient is presented, all nonperti-
nent diseases are screened out and a list of pertinent 
diseases is retained. 
The second stage of the diagnostic process involves the 
physician making a diagnosis from a given set of diseases. 
It is this second stage where various mathematical and 
statistical techniques, using computers, have been applied 
to arrive at a medical diagnosis. Several of the applica-
tions of statistical techniques to medical diagnosis are 
briefly discussed in Chapter I. 
The fourth step in the medical diagnosis process is t_he 
actual treatment of the patient. 
20 
The research in this thesis is focused on the first 
three steps in the medical diagnosis process. Emphasis is 
placed on developing a computerized technique to assist. the 
physician in analyzing a patient's health. No attempt is 
made to diagnose specific diseases. The primary source of 
input is the patient's physical examination. Using the 
physical examination as a basis, the computerized technique 
will assist the physician by 1) summarizing the patient's 
prior medical data, 2) determining if the patient is normal 
or requires additional attention, 3} identifying those 
clinical variables which are significantly affecting the 
patient's health, and 4} observing any significant longi-
tudinal drift in the patient's health. 
Since emphasis is placed on the physical examination 
as the primary source of data input, the automated technique 
for analyzing a patient's health is best suited for occupa-
tional health centers, such as industrial medical centers, 
and for clinics which operate various screening programs. 
By emphasizing the physical examination as the primary 
source of input, the following quantitative variables are 
available: physical characteristics, vision, hearing, blood 
specimen, urine specimen, chest x-ray, electrocardiogram, 
and pulmonary functions. 
21 
Imposed Problem Constraints 
To adequately limit this research, certain constraints 
are placed on the problem. These constraints are defined in 
the following paragraphs. 
The first constraint is placed on the selection of the 
clinical variables. Only data from a patient's physical 
examination and laboratory tests is considered in this 
study and then only those variables which are quantifiable. 
This constraint immediately rules out such variables as 
psychological variables and other qualitative variables. 
A second constraint is imposed because of the availa-
bility of data. Because of the researcher's association 
with the George c. Marshall Space Flight Center's (MSFC) 
Medical Center, this research is limited to the availability 
of data from that Center. This constraint should in no way 
hinder the research. Should the research done on the 
available data from the Medical Center prove meaningful, it 
would be just a matter of expanding the number of variables 
and obtaining an additional data source. The basic tech-
niques should not change. 
Because of this second constraint, the majority of the 
available data is only on males. This is because the major-
ity of employees at MSFC are males. Therefore, only males 
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are considered in this research. This constraint is not a 
serious constraint since the model could readily be expanded 
to include females provided .sufficient data is available. 
In addition, the majority of the data is on employees 
between twenty-one and sixty-five years old. Therefore, 
only these ages are considered in this research. 
Source of Data 
The source of data for this study is the MSFC Medical 
Center which is located in Huntsville, Alabama. Staffing of 
the Medical Center consists of five medical doctors and the 
necessary support personnel. The Medical Center also has 
its own laboratory. 
The primary function of the Medical Center is to over-
see the health of MSFC employees. As part of this effort, 
the Medical Center administers physical examinations and 
emergency treatment to MSFC employees. I_n addition, the 
Center also operates special screening, monitoring, and 
hazardous occupation programs. 
The majority of the data which is generated as a result 
of the Center's function is entered and stored in the com-
puter. A generalized flow diagram depicting the data input 
flow is presented in Figure 6. 
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Figure 6. Data Input Flow 
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When a patient visits the Medical Center one or more of 
the following forms are completed, depending on the type of 
·visit: history form, job status form, physical examination 
form, laboratory form, and occupational statistics form. 
The history form is completed by the patient only upon 
his first visit to the Center. The job status form is com-
pleted by Medical Center staff whenever there is a change in 
the employee's job status. 
The physical examination form is completed by the 
examining physician at the time of the patient's physical. 
The laboratory form is completed by the technician after the 
laboratory tests have been conducted. The occupational 
statistics form is completed by the Medical Center staff 
whenever an employee visits the Center. This includes non-
scheduled visits such as emergencies and accidents as well 
as scheduled visits such as routine physicals. 
After the forms have been completed, the Medical 
Center staff conceal the patient's name on the form, assign 
a unique medical number to the patient (reassigns the identi-
cal number if the patient has previously been assigned a 
number), and then reproduce the form. By having a unique 
medical number rather than the patient's name, the patient's 
medical data is maintained confidential. 
All copied forms are forwarded to keypunch. The 
punched cards are added to the medical data base on a 
weekly basis. A generalized flow diagram of the updating 
procedure is presented in Figure 7. 
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The Medical Center started storing medical data in the 
computer in 1968. To date, the data base contains data on 
over 6,000 employees. Of the 30,000 records in the data 
base, 6,000 are histories, 12,000 are physicals and labs, 
and 12,000 are occupational statistics records. The pri-
mary use of the data base has been as an information storage 
and retrieval system. 
The source of data for this study is the physical 
examination forms and the laboratory forms. Physicals are 
given to employees who are less than thirty-one years old 
every thirty-six months; to employees between thirty-one 
and forty-five every twenty-four months; and to employees 
over forty-five every twelve months. 
Selected Clinical Variables 
Based on the previously discussed constraints, thirty-
six clinical variables are selected for this study. These 
variables can be categorized into physical variables7 
variables related to blood; variables related to urine; 
Old Medical 
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Figure 7. Storing of Medical Data 
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chest x-ray variables; electrocardiogram variables; and 
pulmonary function variables. 
Within each of these categories the following specific 
clinical variables are selected: 
Physical variables 
1. Height (inches) 
2. Weight {pounds) 
3. Actual/Ideal weight 
4.. Pulse (beats/minute) 
5. Systolic blood pressure (mm Hg) 
6. Diastolic blood pressure (mm Hg) 
7. Recumbent systolic blood 
pressure (mm Hg) 
8. Recumbent diastolic blood 
pressure (mm Hg) 
9. Arm skin folds (mm) 
10. Back skin folds (mm) 
Variables related to blood 
11. Bilirubin, total (mg/100 ml of 
serum) 
12. Bilirubin, direct (mg/100 Il}l of 
serum) 
13. · Bilirubin, indirect (mg/100 ml 
of serum) 
14. White cell count (number/cu mm) 
15. Cholesterol (mg/100 ml of serum) 
16. Glucose, fasting (mg/100 ml of 
serum) 
17. Glucose, two hour fasting (mg/ 
100 ml of serun,.) 
18. Hematocrit (% of blood volume) 
19. Serum glutamic pyruvic 
transamenase (SGPT) (units/liter) 
20. Thymol turbidity 
21. Uric acid (mg/100 ml of serum) 
Variables related to urine 
22. White blood cells (number/high 
power field) 




26. Specific gravity 
27. Sugar 
Chest x-ray variables 
28. Total heart diameter (cm) 
29. Thoracic diameter (cm) 
30. Total heart diameter/thoracic 
diameter 
Electrocardiogram variables 
31. Heart rate (beats/minute) 
32. PR interval (hundreths of second) 
33. QRS duratiori. (hundreths of second) 
34. QRS axis ( degrees) 
Pulmonary function variables 
35. Vital capacity (liters) 
36. Forced expiration volume 
in one second (FEV1 ) (liters). 
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A brief description of these clinical variables is pre-
sented in Appendix A. 
A review of the data availability for the selected 
variables indicated that recumbent systolic and diastolic 
blood pressures are only taken when the patient has an ele-
vated blood pressure. Therefore, these two variables are 
removed from the list. In addition, only total bilirubin 
is being recorded without recording the direct and indirect 
bilirubins. Therefore these two variables are removed from 
the list. 
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G\ucose two hour fasting and thymol turbidity are pre-
sently not being measuredi therefore, these two variables 
are also removed from the list. Albumin and sugar from the 
urine analysis are also not being measuredi therefore, these 
two variables are also removed. 
After removing the above variables, twenty-eight var-
iables remain for use in developing the model. It should be 
noted that once the model is developed, the adding of addi-
tional variables would be no major problem. 
Phenomenon of Normality 
A phenomenon present with clinical variables as with 
many physical variables is that the distributions of these 
variables are generally normal. Therefore, these distri-
butions are completely described by knowing their means and 
standard deviations. 
When considering clinical variables we are generally 
interested in many variables which are not necessarily inde-
pendenti but which are correlated with one another. There-
fore, the joint distribution of these clinical variables 
is a multivariate normal distribution {11) written as 
1 
I -1 J 
exp [ -1/2 {x - ~) V (~ -P-)J , (2) f(~) = 
2 n/2 l vf 1/2 
where ~=is a vector of measurements (x1 , x 2 , ... , xp), 
).d = is a vector of means (11 , p 2 , ... , .)J p) , and 
a-12 rr2 <fi3 G"ip 
rr-21 r.:2 2 y = covariance matrix ~? ~J 
Qpl ... (Jr 2 p 
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The quadratic form of the exponent of the multivariate 
normal density specifies the equation of an ellipsoid in the 
p-dimensional space when it is set equal to some positive 
constant c. Mathematically, this ellipsoid is expressed as 
I -1 
(~ - ~ ) y (2£ -~ ) = c • (3) 
This ellipsoid defines a tolerance region in the p-dimen-
sional space. In effect, by varying c, the "size" of the 
ellipse is varied. Therefore, c can be considered analogous 
to defining a tolerance region. 
If the values (x1 , x 2 , ..• , x) of a patient's clinical p 
variables are known, it is possible to construct a test, 
with a confidence based on a function of the constant c, to 
determine if the p-variable observation in the p-dimensional 
space falls within the ellipsoid. The actual development of 
this test is in a later chapter. 
If the rank of the multivariate normal density is two, 




exp l-1/2 [-1_1_-,,-2 
A plot of the bivariate density is shown in Figure 8. 
becomes a standardized bivariate density with means zero and 
unit variances. Mathematically, this is 
1 l -1/2 1 2 f(z ,z ) = exp (zl -1 2 
~l -p 2 2 21f 1 -f 
2f zl z2 + z/>1 ( 5) 
Any vertical plane in Figure 8 cuts the curve into a 
univariate normal distribution. Those vertical plane· cuts 
shown in Figure 8 are.conditional normal distributions 
The curves formed by the intersection of the distribu-
tion surface and a horizontal plane is an ellipse as shown 
in Figure 4. The shape of this ellipse is a function of the 
correlation coefficient f' and the relative values of o-1 
and o-2 • The ellipse has its center at,,.U 1 and ,,µ2 • Iff = 0 
and if <r1 = <r;, the ellipse becomes a circle. 
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Figure 8. Plot of the Bivariate Normal Density 
CHAPTER III 
DEVELOPMENT OF THE MODEL 
Chapter III presents the development of the model for 
analyzing a patient's health. Included in this chapter are 
the classification of the data, the check of the univariate 
densities for normality, the check of the multivariate den-
sities for normality, the patient classification procedure, 
the major contributors to the chi-square, the model outputs, 
and the computer programming and hardware requirements. 
Classification of Data 
To begin the development of the model, it is assumed 
that the norms (i.e., norms being the mean vector and 
covariance matrix) describing a person will vary with time 
(i.e., a person's age). Therefore, to account for any pos-
sible variation, the population is divLded into age groups. 
In effect, age is considered an independent variable: it 
being the only variable which affects the other variables, 
but which is not affected by the others. 
As previously stated in the imposed constraints, only 
a small portion of the population is less than twenty-one 
and older than sixty-five. Therefore, the following age 
groups are selected: 20-24, 25-29, 30-34, 35-39, 40-44, 
45-49, 50-54, 55-59, and 60-64. 
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In collecting the data only employees who had physicals 
between January, 1970, and October, 1971, are considered. 
For those employees who, because of their age, had more than 
one physical during this time period, only their last 
physical is considered. 
The distribution of employees within the nine age 
groups is given in Table I. Because of the relative small 
number of patients in the first two age groups, these groups 
are combined into one age group, thus giving eight age 
groups. The sample sizes of the variables within each of 
the eight age groups are given in Table II. 
Check of Univariate Densities for Normality 
Given a set of p-dimensional observations (x11 , x 12 , .. , 
x 1.P), (x21 , x 22 , ... , x 2p), ... , (xnl' xn2 , ... , xnp), the 
problem is to determine if the joint probability density 
function f(x 1 ,x2 , ... , xp) is normally distributed. To 
check the joint density for normality, the marginal distri-
butions f(xi) must be normally distributed. If the 
35 
TABLE I 
DISTRIBUTION OF PEOPLE WITHIN AGE GROUPS 













DISTRIBUTION OF VARIABLES WITHIN AGE GROUPS 
Variable Age Group 
20- 30- 35- 40- 45- so- 55- 60- Total 
29 34 39 44 49 54 59 64 
Height 92 216 644 639 805 634 311 155 3496 
Weight 92 216 645 639 805 634 312 155 34.99 
Actual/Ideal Weight 9.1 212 634 630 795 629 308 154 3453 , 
Pulse 91 214 637 626 791 626 300 149 3434 
systolic Blood Press 92 215 644 638 801 635 309 155 3489 
Diastolic Blood Press 92 215 644 638 801 635 309 155 3489 
Ari:o, Skin Folds 50 86 244 220 436 349 171 77 1633 
Back Skin Folds 40 87 24'5 220 429 347 170 77 1615 
Hematocrit 95 224 654 650 819 644 315 155 3556 
White Blood Count 95 224 654 649 819 644 315 155 3555 
Glucose 95 216 647 642 811 639 314 154 3518 
Cholesterol 95 218 647 641 812 640 314 155 3522 
Uric Acid 95 216 645 642 812 639 314 155 3518 
SGPT 87 199 600 599 739 562 279 138 3203 
Bilirubin, Total 96 224 655 654 819 644 318 156 3566 
Urine Red Cells 55 106 314 299 530 431 205 84 2024 
Urine White Cells 55 106 314 299 530 431 205 84 2024 
Specific Gravity 96 221 648 643 806 632 307 155 3508 
Urine PH 96 222 651 649 814 636 310 155 3533 
Total Heart Diameter 49 88 256 236 448 354 177 78 1686 
Thoracic Diameter 49 88 256 236 448 354 177 78 1686 
T. D. /Th. D. 49 88 256 236 448 354 177 78 1686 
EKG Heart Rate 93 214 536 633 802 636 311 155 3480 
PR Interval 49 87 256 231 447 359 178 77 1684 
QRS Duration 49 87 255 231 447 358 178 77 1684 
QRS Axis 89 194 572 565 666 507 241 105 2939 
Vital Capacity 23 24 87 98 242 159 88 45 766 
Forced Expiration 23 24 87 98 242 159 88 45 766 
Sample size 96 444 655 654 819 644 318 195 3825 
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marginal distributions are not normally distributed, then 
f(~) cannot be normal. However, if f(x.) is not normal, it 
]. 
may be possible to find a transformation of the variable 
such that the transformed values are normally distributed. 
Graphical Approach 
A graphical approach is initially used to assist in 
checking the marginal distributions for normality. The 
observations for each clinical variable for each age group 
are first ranked in ascending order. The expected cumula-
tive probability is computed as 
rank number 
( 6) 
sample size+ 1 
Each value is then plotted against its exp_ected cumu-
lative probability on normal probability paper. From these 
plots the appropriate transformations are chosen and the 
data replotted. In the majority of instances the data is 
replotted on log normal probability paper. Sample plots of 
the distributions are given in Appendix B. From the plots 
of the cumulative distributions, the transformations given 
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After plotting the data on probability paper, the data 
is edited to remove outliers. The rejection of an extreme 
value (i.e., an outlier) has several possible consequences. 
One is that the extreme value is due to a faulty observation. 
The second is that some specific cause has given rise to the 
extreme value. 
The Chauvenet (12) criterion is used for accepting or 
rejecting extreme values. For a given initial distribution 
two theoretical values x'l and xn are defined by 
(7) 
n [ 1 - F (x ) ] = 1/2. 
n 
(8) 
From these equations, given n, F(x1) and F(xn) are 
computed. These values establish a set of "limits" which 
are used in rejecting outliers. Since the distributions 
are normally distributed, or have been transformed to 
approximate the normal, these values correspond to the 
z-values in the normal distribution with mean zero and 
variance one. Therefore, by knowing z, the limits for 




As a result of using the Chauvenet criterion, 501 
outliers are deleted. A distribution of these outliers by 
age group is given in Table IV. 
TABLE IV 
DISTRIBUTION OF UNIVARIATE OUTLIERS 
Age Group Number of Percent of 
Outliers Sample 
20-29 30 1. 8 
30-34 41 1. 2 
35-39 72 0.7 
40-44 67 0.7 
45-49 106 0.7 
50-54 84 0.7 
55-59 71 1. 2 
60-64 30 1.1 
Total 501 0.8 
Statistical Check for Normality 
In addition to plotting each variable on the appro-
priate probability paper, and after the outliers are removed, 
a more rigorous test for normality is performed. The test 
is the Kolmogorov-Smirnov (K-S) test (13). This test is 
based on the fact that the observed cumulative distribution 
41 
of a sample is expected to be fairly close to the theoreti-
cal distribution. The goodness of fit is measured by find-
ing the point at which the observed distribution and the 
theoretical distribution are the farthest apart and then 
comparing this distance with the entry in a table of criti-
cal values which indicate whether such a large distance is 
likely to occur. 
If the distance is too large, the chance that the 
distribution is actually the theoretical distribution is 
very small. Mathematically, the K-S test is 
Max [ F (x) theo - F (x) actual]'-. K-S value. ( 11) 
For sample sizes greater than 50 and a level of signif-
icance of 0.05, the K-S value is 1.36/\/n. For a level of 
significance of 0.10 the K-S value is 1.63/fn. 
The results of the K-S tests are given in Appendix C. 
The means in Appendix C for those variables which are 
transformed, are the transformed means. For example, the 
actual systolic blood pressure for age group 20-29 is the 
natural log of 4.71612 which is 112. Tables V and VI 
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Check of Multivariate Densities for Normality 
If the marginal distributions f(x.) are normal, or can, 
J. 
through the appropriate transformation, be normal, then the 
joint distribution f(x) may or may not be normal. Therefore, -
the joint distribution must be checked for normality. 
Each of the age groups in the previous section has its 
own mean vector and covariance matrix. Also each variable 
within the age groups is normally distributed. To check 
each of the joint distributions for normality, probability 
plots (14) similar to the normal probability plots in the 
univariate checks are used. 
The gamma probability density function is 
f ( y i o( ,f., ) = 




where o( is a shape parameter, and f-, is a scale parameter. 
The gamma distribution function is 
n observations. 
y 
F(y;ot,{?,) = J f(y;o(,(!,)dy. 
0 
(13) 
~ y be an ordered random sample of 
n 
b be appropriate chosen 
n 
fractions of the gamma distribution corresponding to the 
y's. If ii' i = 1,2, ... ,n satisfies 
i = 1,2, ... , n, (14) 
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and if the y's are a random sample from a gamma distribution 
with parameters c< and /3 , then the points (y,,y,) i = 1, 
l. l. 
2, .•. ,n will fall along a straight line with slope one 
through the origin. 
Using the linear transformation x = "'(y -0\) reduces 
the gamma distribution to a standard form with ;3= 1 to 
x 
F(x;a(,l)= 
If x. sat is fies 
l. 






then the plot of the points (xi,xi) i = 1,2, ... ,n falls 
along a straight line with slop equal to 1,18. 
If<X= p/2 and,1.3= 1/2, f(x;-,{J) is a chi-square dis-
( 15) 
( 16) 
tribution with p degrees of freedom. The plot of (x. ,x.) 
l. l. 
then falls along a straight line with slope two. 
The quadratic form Q(x) of the multivariate normal den-
sity function follows a chi-square distribution with p 
degrees of freedom. Therefore, each patient in the age 
group sample has a Q(x) value. These Q(x) 's correspond to 
the x. in equation (16) and can be plotted using the gamma 
l. 
probability plots for each of the age groups. The gamma 
plots are given in Appendix D. 
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The Chauvenet criterion is again used to eliminate 
outliers from the multivariate normal distributions. As a 
result of using the Chauvenet criterion, 63 outliers are 
deleted. The distribution of these outliers for each age 
group is given in Table VII. 
TABLE VII 
DISTRIBUTION OF MULTIVARIATE OUTLIERS 
Age Group Number of Percent of 
outliers Sample 
20-29 3 0.6 
30-34 2 0.4 
35-39 10 5.3 
40-44 8 4.7 
45-49 15 4-. 2 
50-54 11 4.2 
55-59 6 4.3 
50-64 8 14 .1 
Total 63 4.9 
After removing the multivariate outliers, the Q(x) 's 
are replotted using the gamma probability plots. These 
plots are also plotted in Appendix D by the symbol A. 
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Grouping of Age Groups 
It was initially assumed that the norms vary with age: 
therefore, norms were developed for eight age groups. How-
ever, since these age groups are arbitrarily assigned, it 
may be possible to pool some of the·groups. There are sev-
eral advantages to pooling the age groups. One obvious 
advantage is a reduction in required computer storage. 
Another advantage is that, by pooling similar age groups, 
a larger sample is available to estimate the norms. 
The pooling of age groups is divided into two areas. 
The first area is the pooling of the mean vectors. The 
second area is the pooling of the covariance matrices. 
Pooling of Mean Vectors 
TWo approaches are used in attempting to pool similar 
mean vectors. The first approach is cluster analysis while 
the second approach. is a chi-square test. 
Cluster Analysis. Cluster analysis is a technique for 
investigating the relationships of points in a multidimen-
sional space for the purpose of identifying those points 
which tend to cluster together. since the age groups are 
arbitrarily selected, by using cluster analysis, it is 
possible to identify those age groups which tend to have 
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similar mean vectors. Therefore, those age groups for 
which the mean vectors tend to cluster together can be com-
bined into a single age group. 
The c~ustering technique which is used was dev~loped 
by Edwards and Cavalli-Sforza (15). From the analysis of 
variance it is known that the sum of the squared distances 
of points on a line from their mean can be partitioned, 
when the points are classified into two groups, into two 
within-groups sum of squares and a between-groups sum of 
squares. Since all the quantities involved are squared 
distances, it is evident that this is also true for points 
in any number of dimensions, because these squared distances 
can all be partitioned into squared distances along the 
Cartesian axes, so that if the partition is possible along 
each axis it is possible among the points as a whole. 
Therefore, when points are divided into two clusters, 
the sum of the squared distances from their mean can be 
partitioned into the sum of the squared distances of the 
points of one cluster from their mean, the similar sum for 
the other cluster, and the between-clusters sum of squares. 
This is nothing but a single classification analysis of 
variance conducted in many dimensions. The natural criterion 
for division is clearly the between-clusters sum of squares, 
and the best split is that for which this sum is a maximum 
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and the within-clusters sum of squares consequently a 
minimum. 
Continued splitting according to this criterion will 
lead to a tree diagram. With each branching will be assoc-
iated a between-clusters sum of squares, which will be a 
measure of the importance of the split. Further, since at 
the end of this process each cluster contains only one 
point, there is no within-clusters sum of squares left, and 
the total of the sums of squares associated with each 
branching must exactly equal the original sum of s.quares: 
all the original variation is accounted for. 
The Mahalanobis n2 is used to compute the measure of 






= <s. - -M.) Y 
J. J 
(17) 
where u. andu, are the mean vectors for the ith and jth 
/=,; J. ..l.t: J 
age group, and V-l is the inverse of the common covariance 
matrix of the combined age groups. 
2 
The half matrix of the squared distances (i.e., D .. ) 
J.J 
is given in Table VIII. The sum of the n2 values in 
Table VIII is 170.233~ therefore, the sum of squares is 
170.233/8, or 21.278. For example, in investigating the 











n2 VALUES BETWEEN PAIRED AGE GROUPS 
Age Group 
20-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 
5.636 7.865 10.775 14.058 14.568 21.638 25.222 
0.792 2.233 3.942 4.705 8.821 12.156 
o. 546 1.472 2.089 5.237 8.022 
0.543 0. 854 3. 249 5.807 






cluster is {5.636 + 7.865 + 0.792)/3, or 4.764. For the 
4-5-6-7-8 cluster the sum of squares is 20.446/5, or 4.089. 
Therefore, the total within-clusters sum of squares is 
4.764 + 4.089, or 8.853, and the total between-clusters sum 
of squares is 21.278 - 8.853, or 12.425. All other possible 
splits are similarily compared with the best split being 
the one which maximizes the between-cluster sum of squares. 
The best split is found to be 1-2-3:4-5-6-7-8 with a 
within clusters sum of squares of 8.854 and a between-
clusters sum of squares of 12.425. By further splitting 
these two clusters the final tree diagram in Figure 9 is 
formed. 
• 
The final clustering indicates that several possibil-
ities exist for pooling the mean vectors. For example, age 
groups 30-34 and 35-39, 45-4g and 50-54, and 55-59 and 60-
64 could be pooled. Or, age group 20-29, 30-34, and 35-39 
could be pooled. 
Table IX gives the within-cluster sum of squares 
expressed as percentages of the total sum of squares. The 
sum of the percentages is 26.9 percent; therefore, 73.1 
percent of the variation has been accounted for by the 




























SUMMARY OF CLUSTERING 
Age Group Within-cluster Percent of 
sum of Squares Total Sum 
of Squares 
20-29 ) 30-34 4. 764 22.4 
35-39 
40-44 ) 45-49 0.543 2.6 
50-54 
55-59 1 0.410 1. 9 60-64 
Total 26.9 
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Chi-Square Test. In testing for a significant differ-
ence in the mean vectors, it is assumed that the population 
covariance is known. Therefore, the chi-square test (16) 
for the difference of means could be used. Eight age groups 
have been defined; therefore, twenty-eight possible tests 
between paired mean vectors are required. 
If two samples (i.e., age groups) with mean vectors 
&i and &j and sample sizes ni apd nj respectively, are drawn 
from a multivariate normal population with a known covar-
iance matrix i, the following hypothesis can be tested 
(18) 
that the mean vectors are equal by the test statistic 
1 -1 
<i. - x. > v ex - &J. > . c 19) 
l. -J - -i 
n· + n· 
l. J 
2 
If H0 is true, A-ij is chi-squared distributed with p 
degrees of freedom. · H is accepted at the o( level if 
0 
x:j { -x: 2o( ;p and rejected if the statistic exceeds -X~ ;p· 
The computed chi-square values between paired age 
group mean vectors are given in Table X. For o(= 0.05 and 
26 degrees of freedom the theoretical chi-square value is 
38.9. Therefore, based solely on the chi-square tests, none 











CHI-SQUARE VALUES BETWEEN PAIRED AGE GROUP MEAN VECTORS 
Age Group 
·20-29 30-34 35-39 40-44 45-49 50-54 . 55-59 60-64 
271. 72 479.90 655.59 890.85 898.49 1180.45 1103.32 
90.36 253.44 483.85 54 7. 83 823.99 797.95 
122.68 387.38 4,93. 38 824.78 737.42 
141.19 199.59 507.96 531. 50 
64. 58 272. 4 5 341. 65 
183.92 255. 03 . 
63.99 




However, the results of the cluster analysis indicate 
that age groups 45-49 and 50-54 and 55-59 and 60-64 could 
be pooled. The corresponding chi-square values for these 
paired age groups are 64.58 and 63.99 which are the lowest 
values in the table. After discussion with the medical 
staff it was decided to pool these mean vectors because of 
the favorable cluster analysis results and the doctor's 
comments that 45 and 55 are good age breaks. In addition, 
the pooling of these age groups reduces the required core. 
Pooling of Covariance Matrices 
A graphical approach (17) is used for testing the age 
group covariance matr'ices for,homogenity. It is known that 
(n - 1) 
'A. 
~ .Y ~ 
a1 Va 
where V = population covariance matrix, 
A Y. = an estimate of V, 
n = sample size, and 
a= an arbitrary vector, 
is distributed as the chi-square distribution with n-1 
degrees of freedom. 
(20) 
Likewise, values of equation (20) from several inde-
pendent estimates of V would be from the same chi-square 
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distribution. By observing the distribution of the values, 
some indication would be given as to the homogenity of the 
covariance matrix V. Quite obviously the selection of a 
would influence the sensitivity of the discrimination. 
Initially a = (1, 1, ... , 1). Then for each of the eight ....... 
age groups the value 
1A • A 
~ Via is computed, where Yi is an 
estimate of the covariance for age gro~;P i. The value for 
, 
a V ~ is computed as 
' (n1. - 1) a•~. a L - -1 (21) 
In order to graphically display values from equation 
(20), the chi-square variate is transformed to a normal 
variate by the transformation 
u. = 
1 
J 9p/2 [ (X2} 1/3 (1 - 2/9p)] 
where p = the degrees of freedom (i.e., the rank of V). 
( 22) 
The u. 's are normally distributed with mea.ii zero and 
1 
variance one. These u.'s are then ranked in ascending order 
1 
and plotted on normal probability paper .. Nonhomogenous age 
groups should appear as outliers on the plot. 
The plots of the u. 's for a = {]J are given in Figure 
1 -
10. The data for generating Figure 10 is given in Table XI. 
2 
Since the u.'s are N(O,l), the (u. 's) are chi-squared 
1 1 
distributed with eight degrees of freedom. In Table XI the 
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U1 
00 
sum of ui 2 = 15.46 which is less than 12 (8'oe= o. 05 = 15. 5. 
Therefore, all the age group covariances could be con-
sidered homogenous. 
TABLE XI 































However, greater discrimination could be obtained by 
59 
making 2, equal to the eigenvector of the largest eigenvalue 
of the pooled covariance matrix. The results are given in 
Figure 11. 
Table XII. 
The data for generating Figure 11 is given in 
The sum of the u. 2 = 19.58 which is greater 
1 
than X 2 (8)0(.= 0 ~ 05 = 15. 5. Therefore, the age group covar-































































" " " " "·' "" "·' "·" 
Figure 11. Testing Homogenity of Covariances Using 




DATA FOR TESTING HOMOGENITY OF COVARIANCES 
(a= EIGENVECTOR OF LARGEST EIGENVALUE) -
Age Group U, U, 2 
l. l. 
20-29 -1. 21 1.46 
30-34 0.21 0.04 
35-39 1. 08 1.16 
40-44 0.84 0.71 
45-49 1. 91 3. 64 
50-54 2.60 6.75 
55-59 1. 63 2.66 
60-64 1. 78 3.16 
Referring to Figure 11 it appears that age group~ 
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20-29 and 30-34 could possib1y be pooled as well as several 
older age groups. Several combinations were run with, the 
best results being the pooling of age groups 50-54, 55-59, 
and 60-64. The results are given in Figure 12. The data 
for generating the figure is given in Table XIII. 
The sum of u. 2 for the first five age groups is 7.01 
l. 
which is less than 1' 2 ( 5)o( = = 11. 1. 0.05 2 The sum of u. l. 
for the last three age groups is 2.55 which is less than 
Y 2 (3) = 7.Bb therefore, age 50-64 is homogenous. 
A. o(= 0.05 
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Testing Homogenity of Pooled Covariances Using 





DATA FOR TESTING HOMOGENITY OF POOLED COVARIANCES 
(a= EIGE~VECTOR OF LARGEST EIGENVALUE) 
Age Group u. u.2 
1 1 
20-29 -1. 21 1.46 
30-34 0.21 0.04 
35-39 1.08 1.16 
40-44 1. 91 3. 64 
4·5-49 1.24 1. 54 
50-54 -0.48 0.23 
60-64 -0.28 0.78 
Selected Age Groups 
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The pooling of the age group mean vectors resulted in 
the following age group mean vectors: 20-29, 30-34, 35-39, 
40-44, 45-54, and 55-64. The new mean vectors for the last 
two pooled age groups are given in Appendix c. 
The pooling of the age group covariance matrices 
resulted in the following age group covariance matrices: 
20-29, 30-34, 35-39, 40-44, 45-49, and 50-64. Listings of 
these covariance matrices are given in Appendix E. 
The multivariate check of age groups 50-54 and 55-64 
using the pooled covariance matrix is given in Appendix D. 
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In general, the pooling of ·the older age groups did result 
in a better fit of the data to the multivariate normal. 
The correlation between two clinical variables x and 
x. is defined as 
J 
\ X, X, 
l. J /'-'ij = 
where (2x. x. = covariance of x. and x., and 
l. J l. J 
fxiC'xj = is the standard deviation of xi and xj. 
(23) 
The correlations between the clinical variables when 
all the age groups are combined are given in Table XIV. In 
testing the hypothesis that f'·. = 0, the test statistic 
l.J 
t - f!..ij J n - 2 
- 2 I 
~ 1 - f'ij 
(24) 
is used which has at-distribution with n-2 degrees of free-
dom. Those correlations in Table XIV which are greater than 
fo. 041 are significant at the one percent level. 
Patient Classification Procedure 
The age groups have peen defined arid the corresponding 
norms for each age group established. The next step is to 
develop a procedure for comparing a patient's set of clini-
cal values against the predefined age group norms. Two 
statistical tests are used for classifying a patient as 
TABLE XIV 
POOLED CORRELATIONS BETWEEN VARIABLES 
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1.00 .41-.02-.04 .o4 .o4 .o4 .os .00-.04-.04-.06 .01-.01-.02-.00 .02 .01 .01 .12 .31-.11-.os .06 .01 .01 .45 .39 
1.00 .e6 .oo .2s .26 .34 .s1 .03-.01 .oe .o3 .11 .1e .os .02 .01 .oe-.02 .s4 .s6 .26-.01 .01 .03-.20 .1e .20 
1.00 .02 .26 .27 .38 .SB .03 .01 .12 .07 .12 .22 .06 .03-.01 .08-.03 .56 .43 .37 .01 .06-.00-.28-.05 .01 
1;00 .17 .17 .03 .03 .17 .18 .06 .OB .OS .12 .02-.00 .03 .02-.00-.04-.00-.04 .70-.U-.03 .02-.09-.09 
Systolic Blood Presaure 
Diasto~ic Blood Preaaure 
Arm Skin Folds 
Back Skin Folds 
Hematocrit 






Urine Red Cells 
Urine White Cella 
Specific Gravity 
pH 
Total Heart Diameter 
Thoracic Diameter 
T.D./TH.D. 





Forced Expiration Volume 
1.00 .72 .0.7 .16 .OB .OS .OB .03 .03 .t2 ·.16' .01 .04-.02 .03 .26 .13 .21 .26-.02 .04-.13-.05-.02 
1.00 .OB .19 .13 .03 .04 .03 .01 .10 .16 .01 .06-.00 .Ol .24 .13 .19 .21 .01 .04-.16-.03-.01 
1.00 .55 .Ol-.02 .09 .07 ·.16 .10-.04 .01-.04 .06 .01 .14 .11 .09 .07 .04 .Ol-.11 .00 .06 
l.00 .06-.01 .12 .04 .10 .07 ·.04 .02-.01 .04-.04 .34 .17 .28 .04 .03-.01-. 19-.09-.03 
1.00 .23 .06 .12 .o3 .oe-.01 .02 .oo .01 .03-.01 .o3-.o3 .16-.01-.01-.01-.oe-.oe 
1.00 .07 .11 .02 .04-.12 .02-.01-.03 .04 .oo .01-.00 .21-.08-.07 .01-.05-.08 
1.00 .14 .17 .16-.07-.01-.08-.00 .03 .10 .07 .07 .09-.04 .04-.03-.06-.03 
1.00 .16 .17-.16-.01-.05 .03-.02 .04-.01 .06 .OB-.06 .01-.03-.12-.17 
1.00 .11 .o3-.o3-.09 .• o4-.03 .os .06 .01 .os-.01-.01-.03 .02-.01 
1.00 .10-.01 .03 .03-.08 .10 .OB .07 .16-.02 .03-.06-.05-.03 
1.00-.04 .29-.05-.06 .01-.00 .01 .01 .04 .03 .00 .07 .OB 
1.00 .10 .02 .02 .01 .00 .00 .00 .Ol-.05-.03-.05-.05 
1.00 .12-.03-.02-.02-.00 .03-.06 .01-.00-.01 .01 
1.00-.14 .OS .03 .04 .02-.04-.00-.05-.03-.02 
1.00 .03 .OS .00 .02 .02 .04 .02-.02-.03 
1.00 .48 .83-.07 .10 .06-.25-.05 .01 
1.00-.oe-.03 .oe .o6-.09 .41 .33 
1.00-.os .06 .04-.24-.32-.21 
1.00-.15-.04 .03-.06-.06 
1.oo~.01-.10 .01 .12 
1.00 .00 .00 .01 





either normal or abnormal: a univariate test and a multi-
variate test. 
Univariate Test 
The univariate test consists of independently com-
paring each of the patient's clinical values against the 
appropriate age group norms. The following hypothesis is 
tested for each of the patient's values: 
H : 
0 
The patient is normal with o(. being 
the probability of rejecting H 
. 0 
when it should be accepted. 
Each of the p variables for each of the age groups is 
normally distributed with a mean and variance. Therefore, 
the z-test statistic is used 
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z = (2 5) 
If lzl, zot/2 ; H0 is accepted and the patient is 
classified as normal. On the other hand, if I zl ) zec;2 , 




Multivariate Test (11) 
It was initially assumed that age and sex were the 
only independent variables which possibly affect the other 
variables but are not affected by the other variables. 
However, height and weight can also be considered indepen-
dent variabies. Therefore, the multivariate normal density 
function must be made a conditional density function to 
height and weight. 
X has been defined as a (p x l} vector which is nor-
mally distributed with mean~ and covariance V. X can be 
partitioned into two subvectors such that 
~ = [ ::] • (26) 
where ~l is-the set of clinical variables (x3 , x4 , ... , xp) 
and ~ 2 is the set of clinical variables (x1 and x 2). 
Also, 
* x = ~11 * I 
x2 
(27) 
* where ~ 2 is the set of specific values of the patient's 
* * 
clinical variables x 1 and x 2 . 
The corresponding partitions of the mean vector and 
the covariance matrix are 
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~ = [ ::] • and v = [ :11 :12] 
-21 -22 
(28) 
* Then the conditional distribution f (~1\ x 2) of the 
* (p-2 x 1) vector ~l' given the (2 x 1) vector ~ 2 = ~2, is a 




It is possible that values may have not been obtained 
on all the clinical variables for a patient. Several rea-
sons for not having the clinical values are failure to 
input the values into the data base, failure of a particu-
lar test, or that the particular test was not conducted. In 
these instances where there are missing values, the (p - 2) 
vector containing the values of the patient's clinical 
variables would have some missing values. It should be 
noted that if the patient's height and weight are missing 
the test for normality cannot be made. 
Since xis normally distributed with mean~ and covar-





where x is a vector containing s of the elements of _x, then 
-1 
x is as-variate normal density function. The subset x 
-1 -1 
could contain the values of those patient's variables which 
are known, while the subset x could contain those patient 
-2 
values which are missing. 
The probability that x lies inside the p-dimensional 
ellipsoid is given by the inequality 
' -1 
(~ - ~) V ( X - P-) ' CI (32) 
where c is a known constant. 
The quadratic form of the multivariate normal distri-
bution has a chi-square distribution with p degrees of free-
dom, where pis the rank of the covariance matrix V. There-
fore, 
I -1 y2 
(x - P-) v (~ -.,MJ"- A (p) • (33) 
2 
Now let J.i-o( (p) be defined as the upper 100 (1 - o() 
percent of the chi-square distribution. Therefore 'X~-o( (p) 
can be subsituted for c in the above inequality giving 
I -1 y2 
(~ -~) V (x -_,@)' "i-oC. (p). (34) 
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Since the conditional distribution f(~ 11~i> has been 
defined, the above inequality would appear as follows when 
the conditional mean and covariance are substituted 
(x1 - [.!!.1 + v12 v22 -l (~ - u21]} (Vll - v12 v22 -l V21l 
{ ~l - [ ul + v 12 v22 -1 <~2 - .!!.2ij)~ l ~-~ (p-2). (35) 
The hypothesis for testing that the patient is normal 
can now be stated as 
H : 
0 
The patient is normal with-<. being the 
probability of rejecting H when it 
0 
should be accepted. 
If the value of the above inequality is less than or 
equal to 'J.. ~-a( (p-2) , H0 is accepted and the patient is 
considered normal. On the other hand, if the above inequal-
ity is greater than J.. ~-o( (p-2) , H0 is rejected and the 
patient is considered abnormal. 
Majo~ Contributors to Chi-Square Valu~ 
Morrison {16) in the development of the linear dis-
criminant function 
I -1 
y = {.!_ - ~) v z {36) 
states that if the variances of the variables are nearly 
71 
equal, the coefficients 
-1 
b = V {x - ,P-.) (37) 
give a relative importance of the contribution of each 
measurement to the J..2 statistic. 
Model outputs 
Three basic outputs have been designed to provide the 
physician with a useful tool to assist him in analyzing a 
patient's health. These three outputs are: 1) the patient 
health profile, 2) the patient longitudinal drift, and 
3) the patient summary. Each of these outputs is discussed 
in the following paragraphs. 
Patient Health Profile 
The patient health profile is the principle output and 
is the primary concern of this research. The mathematics 
associated with the development of a patient's health pro-
file has been thoroughly discussed in the previous sections 
of this chapter. 
Several patient health profiles. are presented in 
Figures 13, 14, and 15. The univariate test consists of 
checking if any of the twenty-six variables fall outside the 
95 percent confidence limits. The m~ltivariate test 
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.i::.. 
involves comparing the patient's actual chi-square value 
with the theoretical chi-square value for o<.= 0.05 and the 
appropriate degrees of freedom. 
T~e patient's profile in Figure 13 is classified nor-
mal since he passed both the univariate and multivar1ate 
tests. His chi-square value is 20~ 58 which is less than: 
the theoretical chi-square value of 38.90. The major con-
tributors to the patient's chi-square value are his high 
total heart diameter, low FEV1 , and low hematocrit. 
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The patient's profile in Figure 14 is definitely ab-
normal since he failed both the univariate and multivariate 
tests. His chi-square value is 71.16 which is greater than 
the theoretical chi-square value of 38.90. The patient's 
glucose and QRS duration are greater than the two sigma 
limits and his FEV1 is less than the two sigma limits. The 
major contributors to his chi-square value are a low FEV1 , 
high QRS duration, and high EKG heart rate. 
The patient's profile in Figure 15 is more interesting. 
This patient passed the univariate test; however, because· 
of the correlation pattern existing between his variables, 
failed the multivariate test. It is in these instances 
that, even though the patient's values are within limits~ 
there is something that may be severly abnormal. Looking at 
the major contributors to the chi-square value indicates 
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that the patient has a low T.D./TH.D. ratio, a low choles-
terol, and a high bilirubin. This additional information 
should provide the physician with a starting point in diag-
nosing the patient. 
Patient Longitudinal Drift 
An output of the patient health profile is his chi-
square value. This value can be considered as a composite 
measure of the patient's health which takes into considera-
tion all the variables and the correlation pattern between 
the variables. Therefore, this single value could be used 
to trace the patient's drift over time; that is, from exam 
to exam. A typical plot of this composite value over time 
is given in Figure 16. 
Patient Summary 
As an additional tool to assist the physician in 
analyzing a patient's health, it is desirable that the phy-
sician have some type of summary of the patient's medical 
file. One such. type of patient summary, using the Medical 
Center's data base, is the six page report in Tables XV 
through xx. 
The first page (Table XV) of the report contains the 
patient's personal data. This data is from the history form 
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which is completed at the patient's first visit and there-
after updated when necessary. The patient history data 
includes job status, any present medications, smoking 
habits, any family history of diabetes and heart disease, 
and a list of diagnosis codes describing his previous 
health. 
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The second page {Table XVI) of the report summarizes 
the patient's prior abnormalities as diagnosed by the phy-
sician. For this particular summary, the patient has had 
four physicals. On his first exam he was diagnosed as 
having an ill-defined heart disease, a congenital anomaly of 
the eye, and an other disease of the intestines and perito-
neum. On his second exam he was diagnosed as having a con-
genital anomaly of the eye. On his third exam he had a 
displacement of an intervertebral disc. His fourth exam 
indicated a displacement of the intervertebral disc and a 
congenital anomaly of the eye. 
The third and fourth pages of the patient summary pre-
sent the detailed results of the physical examination. In-
cluded on the third page (Table XVII) are the patient's phy-
sical characteristics, vision, proctoscopic findings, and 
the physician• s diagnosis. The fourth page {Table XVIII) 
contains the doctor's opinion of the general characteris-
tics of the patient and the summary x-ray results. 
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The fifth (Table XIX) presents the patient's detailed 
laboratory results. It is from the lab results that the 
majority of the values are taken for determining a patient's 
health profile. Included on the fifth page are the results 
of the blood analysis, urine analysis, chest x-ray, elec-
trocardiogram, and pulmonary functions. 
The sixth and last page (Table XX) of the patient sum-
mary contains the data from the occupational statistics 
form. This page is a summary of all the patient's visits, 
both scheduled and nonscheduled, to the Medical Center. 
Computer Programming and Hardware Requirements 
A set of five computer programs have been written to 
define the age group norms. These programs make extensive 
use of existing statistical routines. All the routines are 
written in FORTRAN for the Univac 1108 computer. Maximum 
core requirements are 45K words (36 bits per woruj. The 
maximum number of tape drives is two for input and one for 
output. 
In addition to the programs for defining the age group 
norms, three programs have been written to output the re-
sults of a patient analysis. These three programs corre-
spond to the three outputs presented in Figures 13 through 
16 and Tables XV through XX. A generalized flow diagram 
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of the computer requirements for using these three programs 
is given in Figure 17. All the programs are written in 
FORTRAN for the Univac 1108. Each of these programs is 
briefly discussed in the following paragraphs. 
The program for computing the health profiles requires 
40K of core. The core can be reduced to 25K if single pre-
cision is used. Two tapes are required as input. Compila-
tion time for the program is 45 seconds. A patient health 
profile can be computed in ten seconds. 
The program for plotting the patient longitudinal 
drift requires 7K of core. Compilation time is two seconds. 
Execution time per plot is one second. 
The patient summary is created directly from the medi-
cal data base. Two tapes are required for input. Compi-
lation time is 20 seconds. Execution time is six seconds 
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Figure 17. Generalized Flow Diagram of Programs 
CHAPTER IV 
TEST AND EVALUATION 
Chapter IV presents the testing and evaluation of the 
model. Included in this chapter are the test procedures, 
the analysis using the original sample, and the analysis 
using the independent sample. 
Test Procedure 
The testing of the model consists of two steps. The 
first step is the taking of a random sample from the data 
originally used to develop the age group norms. The 
patients selected from this sample are then compared with 
the defined age group norms and classified as either normal 
or abnormal. 
The second step in testing the model consists of taking 
a random sample from an independent data source. These 
patients are also compared with the age group norms and 
classified as either normal or abnormal. 
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Analysis Using Original Sample 
The first step in the analysis consists of taking a 
random sample of 923 patients from the population of 3825 
patients. Ninety-five percent confidence limits are estab-
lished for classifying a patient as normal or abnormal. 
That is, there is a five percent chance of classifying a 
patient abnormal when he is actually normal (i.e., a false 
positive classification). This false positive must be 
balanced against classifying a patient normal when he is 
actually abnormal. This is a more serious error and is 
commonly referred to as a false negative classification. 
From a medical point of view, a false negative classi-
fication is of more concern. The risk of a false negative 
can be decreased at the expense of increasing the number of 
false positives. However, from an economical point of view, 
it may be infeasible and impractical to decrease the number 
of false negatives by increasing the risk of false positives. 
Therefore, there must be a tradeoff between the two. 
Model's Classification 
The results of the model's classification is given in 
Table XXI. From the table 58. 3 percent of the patients have 
one or more clinical value falling outside the 95 percent 
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confidence limits. On the other hand, 16.9 percent of the 
patients have a chi-square value greater than the theoreti-
cal chi-square for a level of significance of~= 0.05 and 
the appropriate degrees of freedom. The number of degrees 
of freedom vary with each patient depending on the number 






RESULTS OF MODEL'S CLASSIFICATION 
USING ORIGINAL SAMPLE 
95 Percent Multivariate 
Chi-square Test 
Normal Abnormal Total 
Within 374/40. 5% 11/ 1. 2"% 385/ 41. 7% 
Outside 393/42. 6% 145/15. 7% 538/ 58. 3% 
Total 767/83.1% 156/16.9% 923/100.0% 
Notice that 1.2 percent have no values falling outside 
the 95 percent univariate confidence limits~ but, because of 
the correlations between the variables, have a chi-square 
value greater than the theoretical value (i.e., pass the 
univariate test but fail the multivariate test). Likewise, 
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42.6 percent have one or more value falling· outside the 95 
percent confidence limits, but have a chi-square value less 
than the theoretical value (i.e., fail the univariate test 
but pa,s the multivariate test). 
The cumulative distribution of the chi-square values 
for those patients having values recorded for all twenty-
eight variables is given in Figure 18. From this ftgure it 
can be seen how the number of patients classified as abnor-
mal increase as alpha is increased. For example, those 
patients who fall betweeno(= 0.05 and o(= 0.25 could be 
classified as borderline cases which may be classified as 
abnormal at the time of their next physical. It is for 
these patients who are borderline cases that a plot of the 
patient's chi-square values from exam to exam could be 
helpful in possibly detecting a trend toward abnormality 
before it actually occurs. Such a plot is shown in Figure 
16 in Chapter III. 
Model's Classification Versus Doctor's Diagnosis 
In order to validate the results of the model's classi-
fication, the results of the examining medical doctor's 
diagnosis are used to compare the model's classification 
with the doctor's diagnosis. At this point it is assumed 
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Figure 18. Distribution of Chi~square Values 
Using Initial Sample 
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contains one or more diagnosis codes, the patient is abnor-
mal, regardless of the specific diagnosis. Likewise, a 
patient with no diagnosis codes is assumed normal. 
It is further assumed that if a patient fails either 
the model's univariate or the multivariate test (or both), 
the patient is abnormal. Likewise, if a patient passes both 
the univariate and the multivariate tests he is normal. 
The results of the comparison is given in Table XXII. 
From the table 26.8 percent of the patients who are diag-
nosed as normal by the doctor are also classified as normal 
by the model. Likewise, 40.1 percent of the patients who 
are diagnosed as abnormal by the doctor are also diagnosed 
as abnormal by the model. This is equivalent of saying, 
that for 66.9 percent of the sample, the model agreed with 
the doctor, and for 33.1 percent the model disagreed with 
the doctor. 
To test for any agreement between the model's results 





The diagnosis resulting from the model's 
classification is independent of the 
doctor's diagnosis. 
H: p,. = p. p., i = 1,2, j = 1,2. 
O l.J ]. J 
Model• s 
TABLE XXII 
MODEL'S CLASSIFICATION COMPARED WITH 
DOCTOR'S DIAGNOSIS (USING 
ORIGINAL SAMPLE) 
Doctor's Diagnosis 
Normal Abnormal Total 
Normal 247/26.8% 127/13.7% 374/ 4.0. 5% 
Classification 
Abnormal 179/19.4% 370/40.1% 549/ 59. 5% 
Total 426/46. ?% 497/53.8% 923/100.0% 
To test H the chi-square test (18) is computed as 
0 
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Using the data in Table XXII a chi-square value of 99.2 
is computed which is greater than the theoretical chi-square 
value of 3.84 for Ol= 0.05 and one degree of freedom. 
Therefore, H is rejected and there is a dependence between 
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the model's classification and the doctor's diagnosis. 
Although there is a dependence between the doctor's 
diagnosis and the model's classification, for 33.1 percent 
of the patients there is a disagreement between the doctor's 
diagnosis and the model's classification. The model classi-
fied 19.4 percent of the sample as abnormal while the doctor 
diagnosed the patients normal. A more serious disagreement 
is that the model classified 13.7 percent of the sample 
normal while the doctor diagnosed them abnormal. 
Model's Classification Versus Patient Diagnosis 
It is of value to further study the 923 patients to 
determine the prevalence of diseases among this ~ample. By 
referring to the patient medical records it is possible to 
tabulate, based on the doctor's diagnosis, the prevalence 
of various diseases. The seventeen major classifications 
of diseases, as defined by the u.s~ Department of Health, 
Education, and Welfare (19) are used rather than the entire 
list of one thousand diagnoses. The distribution of dis-
eases for the 923 patients is summarized in Table XXIII. 
TABLE XXII.I 
PREVALENCE OF DISEASES FOR ORIGINAL SAMPLE 
Major Disease Group Prevalence 
(percent) 
000-136 Infective and parasitic diseases 1.8 
140-239 Neoplasms 2.3 
240-279 Endocrine, nutritional, and metabolic 
diseases 42.1 
280-289 Diseases of the blood and blood forming 
organs 
290-315 Mental disorders 
320-389 Diseases of the nervous system and 
sense organs 
390-458 Diseases of the circulatory system 
460-519 Diseases of the respiratory system 
520-577 Diseases of the digestive system 
580-629 Diseases of the genitourinary system 
630-678 Complications of pregnancy, childbirth, 
and the puerperium 
680-709 Diseases of the skin and subcutaneous 
tissue 
710-738 Diseases of the musculoskeletal system 
and connective tissue 
740-759 Congenital anomalies 
760-779 Certain causes of perinatal morbidity 
and mortality 
780-796 Symptoms and i.lldefined conditions 















sample size 923 
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It is of interest to determine what percentage of 
those patients, who the doctor diagnosed as having a partic-
ular disease, are also classified as abnormal by the model. 
This should give an indication as to the accuracy of the 
model in detecting particular diseases. This comparison 
is given in Table XXIV. 
It should be noted that the number of diagnoses does 
not agree with the sample size. This is because a patient 
may have more than one diagnosis. The data in Table XXIV 
only represents the doctor's diagnosis. If the doctor 
failed to identify a disease, then the patient is considered 
normal as far as having that disease. 
Correction for Nondetectable Diseases 
During the comparison of the model's classification 
with the doctor's diagnosis, it was noticed that the diag-
nosis for obesity (code 277) varied considerably among 
physicians. Each physician's diagnosis of obesity is 
summarized in Table xxv. After discussion with the medical 
staff, it was decided to ignore the obesity diagnosis in 
comparing the model's classification with the doctor's 
diagnosis. 
TABLE XXIV 
COMPARISON OF MODEL'S CLASSIFICATION 
VERSUS PATIENT DIAGNOSIS 
Major Disease Group 
000-136 Infective and parasitic disease• 
140-239 Neoplasms 
240-279 Endocrine, nutritional, and 
metabolic diseases 
280-289 Diseases of the blood and 
blood forming organs 
290-315 Mental disorders 
320-389 Diseases of the nervous system 
and sense organs 
390-458 Diseases of the circulatory system 
460-519 Diseases of the respiratory system 
520-577 Diseases of the digestive system 
580-629 Diseases of the genitourinary 
system 
630-678 Complications of pregnancy, 
childbirth, and the puerperium 
subcutaneous tissue 
710-738 Diseases of the musculoskeletal 
system and connective tissue 
740-759 Congenital anomalies 
760-779 Certain causes of perinatal 
morbidity and mortality 
780-796 Symptoms and illdefined condition• 
800-999 Accidents, poisonings, and violence 
Total 
Number of patients 
Number of Patients 
Normal by Abnormal by 
Model and Both Model 









131/ 33.8%: 257/ 66.2% 388/100.0% 
0/ 0.0% 
1/ 7.6% 

















































































To this point no mention has been made during the test 
and evaluation concerning the possible diseases or abnor-
malities that the 28 variables could possible detect. In 
fact, to this point in the test and evaluation, it has been 
assumed that the variables could detect all diseases. 
Quite obviously the model is not capable of detecting 
all the one thousand diagnosis codes (Reference 19). In 
fact only a small number of the diseases are detectable 
when a diagnosis is based solely on the 28 variables. After 
discussion with the medical staff, the following 
disease classes were decided as detectable by the model's 
variables: 
1. Diseases of thyroid gland 240-246 
2. Diseases of other endocrine glands 250-258 
3. Avitaminoses and other nutritional deficiency 
260-269 
4. Other metabolic diseases (excluding obesity) 
270-279 
5. Diseases of the blood and blood forming organs 
280-289 
6. Active rheumatic fever 390-392 
7. Chronic rheumatic heart 393-398 
8. Hypertensive disease 400-404 
9. Ischemic heart disease 410-414 
10. Other forms of heart disease 420-429 
11. Diseases of veins and lymphatics, and other 
diseases of circulatory system 450-458 
12. Pneumonia 480-486 
13. Bronchitis, emphysema, and asthma 490-493 
14. Other diseases of respiratory system 510-519 
15. Appendicitis 540-543 
16. Diseases of liver, gallbladder, and pancres 
570-577 
17. Nephartis and nephrosis 580-584 
18. Other diseases of urinary system 590-599 
19. Internal injury of chest, abdomen, and pelvis 
860-869 
20. Adverse effects of medicinal agents 960-979. 
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The sample of 923 patients is then screene~ to remove 
those patients who do not have a diagnosis corresponding to 
one of the classes listed above. In addition, patients who 
have only an obesity diagnosis and no other diagnosis are 
removed from the sample. 
Based on this screening the sample reduced to 743 
patients. The revised model's classification is given in 
Table XXVI. As expected, these values vary slightly from 
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the original sample. From the table 52.5 percent of the 
patients have one or more clinical value falling outside 
the 95 percent confidence limits. Also 18.1 percent have a 
chi-square value greater than the theoretical chi-square 
value for a level of significance of o(= 0. 05 and the 






RESULTS OF MODEL'S CLASSIFICATION USING 
ORIGINAL SAMPLE (BASED ON ONLY THOSE 




THE 28 VARIABLES) 
95 Percent Multivariate 
Chi-square Test 
Normal Abnormal 
342/46. 0% 11/ 1. 5% 
267/35.9% 123/16.6% 
609/81. 9% 134/18. 1% 
Total 




The revised comparison of the model's classification 
with the doctor's diagnosis is given in Table XXVII. From 
the table for 63.1 percent of the sample the model agreed 
with the doctor and for 36.9 percent the model disagreed 
with the doctor. There is no noticeable difference in 
these percentages with the percentages in Table XXII. A 
similar test for testing the dependence between the model's 
classification and tr.e doctor's diagnosis indicates that 
there is a dependence. 
Model's 
TABLE XXVII 
MODEL'S CLASSIFICATION COMPARED WITH 
DOCTOR'S DIAGNOSIS (BASED ON 
ONLY THOSE DIAGNOSES POSSIBLE 
FROM THE 28 VARIABLES 
Doctor's Diagnosis 
Normal Abnormal Total 
Normal 247/33.2% 95/12.8% 342/ 46. 0% 
Classification 
Abnormal 179/24.1% 222/29.9% 401/ 54.0% 
Total 426/57.3% 317 /42. 7% 743/100. 0% 
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Table XXVIII gives an indication as to the accuracy of 
the model in detecting particular diseases. Based on the 
doctor's diagnosis, the sample of 743 patients consists of 
426 normal and 317 abnormal patients. The 317 abnormal 
patients have 376 diagnoses which could possibly be de-
tected by the model's variables. The model successfully 
classified 222 of the 317 (70.2 percent) as abnormal. 
These 222 patients have 261 diagnosis codes or 69.5 percent 
of the 376 diagnoses for the sample. 
For those diseases having a frequency of ten or more, 
the model was able to detect over seventy percent of the 
abnormalities for diagnosis codes 240-246, diseases of the 
• 
thyroid gland; 250-258, diseases of other endocrine glands; 
400-404, hypertension; and 450-458, diseases of veins and 
lymphatics, and other diseases of the circulatory system. 
The model was also able to detect over sixty percent of the 
abnormalities for diagnosis codes 410-414, ischcnuic heart 
disease; and 4 20-4,29, other forms of heart disease. 
Of the eight diagnoses for a disease of the respira-
tory system (510-519), the model was only able to detect 
three. After discussion with the medical staff, it was con-
eluded that the adding of several additional variables 
should reduce this error. The first variables expresses 
FEV1 as a percentage of vital capacity. The second variable 
TABLE XXVIII 
COMPARISON OF MODEL'S CLASSIFICATION VERSUS PATIENT 
DIAGNOSIS (USING INITIAL SAMPLE) 
Major Disease Group 
240-246 Diseases of thyroid gland 
250-258 Diseases of other endocrine glands 
260-269 Avitaminoses and other nutritional 
deficiency 
270~279 Other metabolic diseases 
(excluding obesity) 
280-289 Diseases of the blood and blood 
forming organs 
390-392 Active rheumatic fever 
393-398 Chronic rheumatic heart 
400-404 Hypertensive disease 
410-414 Ischemic heart disease 
420-429 Other forms of heart disease 
450-458 Diseases of veins and lymphatics, 
and other diseases of circulatory 
system 
480-486 Pneumonia 
490-493 Bronchitis, emphysema, and asthma 
510-519 Other diseases of respiratory system 
540-543 Appendicitis 
570-577 Diseases of liver, gallbladder, and 
pahcres 
580-584 Nephritis and nephrosis 
590-599 Other diseases of urinary system 
860-869 Internal injury of cheat, abdomen 
and pelvis 







3/ 30. 0% 
9/ 26.4% 
1/ so. 0% 
46/ 38.3% 
0/ 0.0% 
O/ 'o. 0% 
0/ 0.0% 
19/ 23.2% 
16/ 34. 1% 
4/ 30.8" 
11/ 24. 5% 
0/ 0.0% 













7/ 70.0% 10/100.0% 
25/ 73.6% 34/100.0% 
1/ 50.0% 2/100.0% 
74/ 61. 7% 120/100.0% 
1/100.0% 1/100.0% 
0/ 0.0% 0/ 0.0% 
2/100 •. 0% 2/100.0% 
63/ 76.8% 82/100.0% 
31/ 65.9% 47/100.0% 
9/ 69.2% 13/100. 0% 
34/ 75. 5% 45/100.0% 
O/ 0.()% 0/ 0.0% 
7/ 87.5% 8/100. 0% 
3/ 37. 5% 8/100.0% 
0/ 0.0% o/ o. °" 
3/100.0% 3/100.0% 
1/100.0% 1/100.()% 
0/ 0.()% 0/ 0.0% 
O/ 0.0% 0/ 0.0% 
0/ 0.0% 0/ 0.0% 
261./ 69.2% 376/100.0% 
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expresses vital capacity as a percentage of the predicted 
based on the patient's height, weight, and frame. 
For the remaining ten diagnosis categories the fre-
quency of occurrence of the diseases in the sample is too 
small to test the ~odel's capability of detecting those 
diseases. 
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The distribution of the number of values falling out-
side the 95 percent confidence limits is given in Table 
XXIX. The 899 values falling outside the limits represent 
538 patients. Of the values falling outside the limits, 
470, or 52.2 percent are greater than two sigma while 429, 
or 47.8 percent, are less than two sigma. The majority of 
the blood pressure, bilirubin, red and white cell, and 
urine pH values fell outside the greater than two sigma 
limits. Also the majority of the vital capacity and FEV1 
values fell outside the less than two sigma limits. 
Analysis of Misclassification 
In comparing the results of the model's classification 
with the doctor's diagnosis, for 12.8 percent of the sample 
the model classified the patients normal while the doctor 
diagnosed them abnormal. This percentage can be considered 
the actual error of the model. 
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TABLE XXIX 
VALUES FALLING OUTSIDE LIMITS 
Variable Number Total Percent of 
Minus TWO Plus Two Grand 
Sigma Sigma Total 
Actual/Ideal Weight 17 0 17 2 
Pulse 12 20 32 4 
Systolic Blood Press 8 27 35 4 
Diastolic Blood Press 8 23 31 3 
Arm Skin Folds 18 11 29 3 
Back Skin Folds 19 9 28 3 
Hematocrit 31 19 50 6 
White Blood Count 19 10 29 3 
Glucose 12 15 27 3 
Cholesterol 27 9 36 4 
Uric Acid 36 25 61 7 
SGPT 11 3 14 2 
Bilirubin, Total 0 12 12 1 
Urine Red Cells 0 26 26 3 
Urine White Cells 0 9 9 1 
Specific Gravity 21 7 28 3 
Urine pH 0 43 43 5 
Total Heart Diameter 21 31 •52 6 
Thoracic Diameter 26 18 44 5 
T.D./TH.D. 18 30 48 5 
EKG Heart Rate 24 26 50 6 
PR Interval 26 32 58 6 
QRS Duration 13 38 51 6 
QRS Axis 28 12 40 4 
Vital Capacity 15 7 22 2 
Forced Expiration Vol 19 8 27 3 
Total 429 470 899 100 
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The other error between the model's classification and 
the doctor's diagnosis is that the model classified 24.1 
percent of the sample abnormal while the doctor diagnosed 
them normal. This error is not .such a serious error as the 
previous error. The results of this error are that more 
patients would be referred for unnecessary additional 
treatment. 
However, on the other hand, it may be that the doctor 
failed to detect an abnormality in these patients. And, 
since the model considers the correlation pattern between 
the variables, it may be that the model is able to detect 
an abnormality which is overlooked by the physician. To 
check this possibility, the 179 patients, who are classi-
fied as abnormal by the model and as normal by the doctor, 
are divided into two groups: those failing only the uni-
variate test and those failing both the univariate and 
multivariate tests. The possibility of a patient being ab-
normal is higher for those who failed both of the tests. 
Therefore, from these 48 patients, a random sample of 15 
patients was selected for detailed analysis. 
Of these 15 patients, ten were considered normal by the 
physician, two had a bad test value, and three were con-
sidered abnormal. Of the three abnormal patients, one was 
diagnosed as having hypertension, one was diagnosed as a 
high risk because of a low FEV1 , and one had an abnormal 
electrocardiogram which probably resulted from a mild 
heart attack. 
Using this sample of 15 patients, three patients, or 
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20 percent are n~w diagnosed as abnormal rather than normal. 
Therefore, the model's classification of 24.1 percent of the 
patients as abnormal while the doctor diagnosed them normal 
is reduced to 19.4 percent. Likewise, the model and the 
doctor both classified 34.6 percent of the patients as ab-
normal as compared to 29.9 percent. This increases the 
agreement between the model and the doctor to 67.8 percent. 
Analysis Using Independent Sample 
The second step in the analysis consists of taking a 
random sample from an independent data source. Since the 
original sample consisted of physicals given through Septem-
ber, 1971, an independent sample would be those exams given 
after October 1, 1971. This sample consists of over 200 
patients. After eliminating those physicals having diag-
noses which are not detectable by the model's variables, the 
sample reduces to 174 patients. 
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Model's Classification 
The results of the model's classification are given in 
Table XXX. From the table 65.5 percent of the patients 
have one or more clinical variable falling outside the 95 
percent confidence limits. On the other hand, 22.3 percent 
of the patients have a chi-square value greater than the 
theoretical chi-square for o<.= 0.05 and the appropriate 
degrees of freedom. Also 1.1 percent passed the univariate 
test but failed the multivariate test, while 44.3 percent 











95 Percent Multivariate 
Chi-square Test 
Normal Abnormal 
58/33.4% 2/ 1.1% 
77/44.3% 37/21. 2% 






Comparing the independent sample with the initial 
sample, it is seen that the independent sample classified 
fewer patients as passing both the univariate and multivar-
iate tests (33.4 versus 46.0). Likewise, more patients 
failed both the two tests (21.2 versus 16.6). 
The error rates are similar between the two samples. 
For the independent sample the model classified 44.3 percent 
as failing the univariate but passing the multivariate tests 
as compared to 35.9 percent for the initial sample. Also, 
for the independent sample, the model classified 1. 1 percent 
as passing the univariate but failing the multivariate test 
as compared to 1.5 percent for the initial sample. 
The cumulative distribution of the chi-square values 
for those patients having values for all twenty-eight 
variables is given in Figure 19. The dotted curve is the 
cumulative distribution of the initial sample. Since there 
are more abnormal patients in the independent sample, the 
chi-square cumulative distributions do not exactly agree. 
Model's Classification Versus Doctor's Diagnosis 
The comparison of the model's classification with the 
doctor's diagnosis is given in Table XXXI. The larger per-
centages of abnormal diagnoses by the doctor confirms the 
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Figure 19. Distribution of Chi-Square Values for 
Independent Sample 
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sample has a relative larger number of abnormal patients 
as compared to the initial sample. 
Model IS 
TABLE XXXI 
MODEL'S CLASSIFICATION COMPARED WITH 








Abnormal 44/25. 3% 72/41.4% 116/ 66.7% 
Total 79/45.4% 95/54.6% 174/100. 0% 
From the table 20.1 percent of the patients who are 
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diagnosed as normal by the doctor are also dia~nosed as nor-
mal by the model. Likewise, 41.4· percent of the patients 
who are diagnosed as abnormal by the doctor are also classi-
fied as abnormal by the model. This is equivalent of saying 
that for 61. 5 percent of the sample the model agreed with 
the doctor and for 38.5 percent the model disagreed with the 
doctor. This compares favorably with the initial sample of 
66.9 percent and 33.1 percent, respectively. 
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The test for agreement between the model's results and 
the doctor's diagnosis gives a calculated chi-square value 
of 7.72 which is greater than the theoretical chi-square 
vah1e of 3. 84 for Q(= 0. 05 and one degree of freedom. 
Therefore, there is a dependence between the model's classi-
fication and the doctor's diagnosis. 
The error rates are similar between the two samples. 
For the independent sample the model classified 25.3 percent 
of the patients abnormal while the doctor diagnosed them 
normal. This compares with 24.1 percent for the initial 
sample. This increase is not critical since the only error 
is that possibly the patients may receive additional medical 
attention which is not required. In addition, the model 
classified 13.2 percent as normal while the doctor diagnosed 
them abnormal. This compares with 12.8 percent for the 
initial sample. 
Model's Classification Versus Patient Diagnosis 
Table XXXII gives an indication as to the accuracy of 
the model in detecting specific diseases. Table XXXIII 
gives a comparison between the independent and initial 
samples. Although the sample size is smaller for the inde-
pendent sample, there is close agreement between the two. 
In fact, based on percentages, the model was able to detect 
TABLE XXXII 
COMPARISON OF MODEL'S CLASSIFICATION.VERSUS PATIENT 
DIAGNOSIS (USING INDEPENDENT SAMPLE) 
Major Di•ea•e Group 
240-246 Diseases of thyroid gland 
250-258 Diseases of other endocrine glands 
260-269 Avitaminoses and other nutri~ional 
deficiency 
270-279 Other metabolic disea•e• 
(excluding obesity) 
280-289 Diseases of the blood and blood 
forming organs 
390-392 Active rheumatic fever 
393-398 Chronic rheumatic heart 
400-404 Hypertensive disease 
410-414 Ischemic heart disease 
420-429 Other forms of heart disease 
450-458 Diseases of veins and lymphatics, 
· and other disea•es of circulatory 
system 
480-486 Pneumonia 
490-493 ·Bronchitis, emphysema, and asthma 
510-519 Other diseases of respiratory •vstem 
540-543 Appendiciti• 
570-577 Diseases of liver, gallbladder, and 
pancres 
580-584 Nephritis and nephrosi• 
590-599 Other diseases of urinary •Y•tem 
860-869 Internal injury of chest, abdomen, 
and pelvh 
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1/ 25. 0% 
0/ o.or. 
O/ o. or. 










1/ 33.3% 3/100. 0% 
9/100.0% 9/100.Q'fo 
1/100.or. 1/100.0'Yo 
42/ 73.7% 57/100.0'Yo 
O/ o. or. 0/ o.or. 
0/ o.or. 0/ o. or. 
2/100.or. 2/100. 0% 
27/ 96.4% 28/100.Q'fo 
7/ 63.6% 11/100.Q'fo 
4/ 66. 7% 6/100.Q'fo 
5/ 83.3% 6/100.0'Yo 
0/ o. or. O/ o.or. 
3/ 75. 0% 4/100. 0% 
1/100.0'Yo 1/100. 0% 
11100. or. 1/100.Q'fo 
0/ o. or. 0/ o.or. 
0/ o.or. 0/ o.or. 
of o.or. 0/ o.or. 
O/ o.or. 0/ 0,0% 
0/ 0. or. O/ o.°" 
103/ 79.8" 129/100.()% 
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TABLE XXXIII 
COMPARISON BETWEEN INITIAL AND 
INDEPENDENT SAMPLES 
Diagnosi• Group, Initial Sample Independent Sample 
Size Correct Percent Size Correct Percent 
Diagnoaea Correct Diagnose• Correct 
240-246 Diseases of thyroid gland 10 7 70.0 3 l 33.3 
250-258 Diseases of other endocrine 
glands 34 25 73.6 9 9 100.0 
260-269 Avitaminoses and other 
nutritional deficiency 2· 1 50.0 1 l 100.0 
270-279 Other metabolic disease• 
excluding obesity 120 74 61.7 57 42 73. 7 
280-289 Diseases of the blood and 
blood forming organs 1 l 100.0 0 0 
390-392 Active rheumatic fever 0 0 0 D 
393-39.8 Chronic rheumatic heart 2 2 100.0 2 2 100.0 
400-41>,\1 Hypertensive disease 82 63 76.8 28 27 96.4 
410-A14 Ischemic heart disease 47 31 65.9 11 7 63.6 
420-429 Other forms of heart disease 12 9 66.7 6 4 66.7 
450-458 Diseases of veins and lymphatic•, 
and other diseases of 
circulatory system ,cs 34 75.7 6 5 83.3 
480-486 Pneumonia 0 0 0 0 
490-493 Bronchitis, emphysema, and 
asthma 8 7 87.5 4 3 75.0 
510-519 Other diseases of respiratory 
.system 8 3 37.5 l 1 100.0 
540-543 Appendicitis 0 0 l 1 100.0 
570-577 Diseases of liver, gallbladder, 
and pancres 3 3 100.0 0 ".! 
580-584 Nephritis and nephrosia l 1 100.0 0 0 
590-599 Other diseases of urinary system 
system 0 0 0 0 
860-869 Internal injury of cheat, 
abdomen, and pelvis 0 0 0 0 
960-979 Adverse effects of medicinal 
agent• 0 0 0 0 




more of the diagnoae1 in the independent sample. This is 
especially true for other metabolic diseases and hyper-
tenaion. From the independent 1ample, 73.7 percent of the 
other metabolic di1ea1ea were detected as compared with 
61.7 percent for the initial ,ample. Also, 96.4 percent of 
the hypertension diagnoses were detected for the indepen-
dent sample as compared with 76.8 percent for the initial 
sample. 
Ranking of Major Contributors 
As part of the patient profile, it is of interest to 
identi.fy' those variables which are the major contributors to 
the patient's chi-square value. Then, once these variables 
are identified, are these the variables that correspond to 
the doctor's diagnosis? For example, a patient diagnosed as 
having hypertension should have a high blood pressure. 
Then, did the model identify blood pressure as a major con-
tributor to the patient's chi-square? 
To check the above question, a sample was collected 
from those patients who are diagnosed as abnormal by both 
the model and the doctor. A count is then made of the fre-
quency that each variable is one of the three major con-
tributors. These results are presented in Table XXXIV. 
TABLE,XXXIV 
MAJOR VARIABLES CONTRIBUTING TO CHI'.""SOJJARE VALtJE VERSUS DOCTOR OIAG~OSIS. 
Diagnosis Group 
·\l) 0) a, a, a, N 0) <ol' '<I' a, 0) \0 I"') a, I"') r- '<I' a, a, 0 
'<I' ltl \0 r- CD a, a, 0 ·,-t N ltl 0) a, ,-1 ;:!; r- 0) a, \0 ...... N N N N N I"') I"') '<I' <ol' '<I' '<I' '<I' '<I' ltl ltl "' "' 0) a, I I I I I I I I I I I I I I I I I I I I Variable 0 0 0 0 0 0 I"') 0 0 0 0 0 0 0 0 0 0 0 0 0 Total '<I' ltl \0 r- 0) a, a, 0 ,-1 N ltl 0) a, ,-1 '<I' r- 0) a, \0 \0 
N N N N N M I"') '<I' '<I' '<I' '<I' '<I' '<I' "' "' Ill "' "' 0) a, 
Actual/Ideal Weight 0 
Pulse l 4 3 6 2 3 l 20 
Systolic Blood Press l 9 8 l 21 2 2 5 l so 
Diastolic Blood Presa l 2 9 l 20 6 l 6 46 
Arm Skin Folds l 2 l 9 l 5 l 20 
Back Skin Folds l l l 9 4 3 2 21 
Hematocrit 3 3 3 l 7 2 l 3 23 
White Blood Count 3 12 l 6 5 l 28 
Glucose 9 4 l 7 3 2 26 
Cholesterol l 15 6 4 3 4 l 34 
Uric Acid 5 20 14 4 7 l 51 
SGPT l 3 3 3 10 
Bilirubin, Total 2 7 2 l 2 l l 16 
Urine Red Cells 4 4 3 2 l l 15 
Urine White Cells 3 3 6 
Specific Gravity 5 6 4 l l 17 
Urine pH l 3 12 l 8 3 l 6 2 l 38 
Total Heart Diameter 3 5 14 l 10 7 2 4 l l l 49 
Thoracic Diameter l 2 l 16 9 5 l 10 3 l 49 
T.D./TH.D. 2 8 l 14 12 11 4 10 5 l 68 
EKG Heart Rate l 5 12 12 6 2 3 l 3 45 
PR Interval 3 8 3 4 l 2 l 22 
ORS Duration 3 2 7 8 3 3 l 2 2 31 
ORS Axis 2 2 6 l 7 4 2 l l l 1 28 
Vital capacity 2 5 2 l 3 l l 15 
Forced Expiration Vol 2 2 4 3 2 13 
Total 21 75 3201 3 0 6•189 84 27 90 0 21 9 0 9 0 3 0 0 74'1" 
Number of Patients 7 25 l 67 l 0 2 63 28 9 31 0 7 3 0 3 0 l 0 o·::i.1 I-' ..... 
-...J 
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For example, of the 25 patients diagnosed as having 
diabetes, nine of the patients had profiles which indicated 
glucose as a major contributor. A review of the table with 
the medical staff resulted in one comment: "interesting." 
Analysis of Longitudinal Drift 
To adequately analyze the chi-square values as a com-
posite measure of the patient's health, more than one phy-
sical examination is needed per patient. However, since the 
Medical Center modified the data elements in January, 1971, 
only a small percentage of the patients presently have more 
than one exam which contains measurements for the selected 
twenty-eight variables. In fact, only 11 patients have more 
than one of these exams. 
A plot of the longitudinal drift for this sample of 11 
patients is given in Figure 20. Only two of the patients 
have an increased chi-square value. Th~ee pati~nts who were 
classified as abnormal during their first examination are 
now classified normal (using o(:m O. 05). One of these three 
patients had a very high urine white cell count on his first 
exam and a normal count on his second. Another of the three. 
had a high systolic blood pressure on his first exam and a 
more normal value on his second. The third patient's hemat-
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Because of the small sample no conclusion could be 
drawn at this time concerning the chi-square value as a 
possible measure of the drift in a patient's health over 
time. 
Sources of Error 
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During the test and evaluation several sources of 
error were detected. These errors are briefly discussed in 
the following paragraphs. 
One source of error resulted from classifying patients 
who are presently taking prescribed medications to control 
abnormalities. It was revealed that the doctors are diag-
nosing these patients as abnormal even though they are 
taking medication to control the abnormality. This error is 
most noticeable for diabetes and hypertension. By taking 
the proper medication the patient can control his glucose 
and blood pressure. 
Another source of error is the exclusion of several 
variables which are a function of vital capacity (VC) and 
FEV1 . The first variable expresses FEV1 as a percentage of 
total capacity: FEV1/vc x 100. The second variable 
expresses vital capacity as a percentage of the predicted 
based on the patient's height, weight, and frame. The 
adding of these two variables should increase the model's 
capability of detecting respiratory abnormalities. 
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Another source of error is that not all the physicians 
use the same criteria for diagnosing abnqrmalities. This 
error is most noticeable in diagnosing obesity; therefore, 
as a result, this diagnosis was removed from the analysis. 
A check of the other diagnoses did not reveal any other 
major discrepancies between the physicians. However, the 
diagnosing of hypertension did vary between doctors. The 
prevalence of hypertension for the total population is 9.0 
percent. The prevalence among the doctor's diagnoses are 
15.6, 12.3, 4.6, 9.0, and 9.9. 
Another source of error is that the model weighs low 
values as significantly as high values. For example, in 
most instances, a low cholesterol is much better than a 
high cholesterol. However, in computing the chi-square 
value, a low cholesterol is weighed the same as a high 
cholesterol. Conversely, higher vital capacities and FEV1 1 s 
are more desirable than lower values. This type of error is 
quite common and is generally ignored by assuming that the 
errors will tend to cancel each other. By adding the two 
additional pulmonary variables some of this error would be 
removed. 
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A problem encountered in the testing of the model is 
that, after adjusting the variables conditionally for the 
patient's height and weight, the variable actual/ideal 
weight had almost no significance. This is apparent by 
observing that no actual/ideal weight values fell outside 
the 95 percent tolerance region. One approach to solving 
this problem is to make the variables conditional only to 
height and then remove weight from the list of variables. 
CHAPTER V 
CONCLUSIONS 
Summary of Results 
The results of this research is a tool to assist the 
physician in analyzing a patient's health. Emphasis is 
placed on the periodic physical examination as the prin-
ciple source of data input. For this reason the results of 
this research are more applicable to health clinics and 
industrial medical centers where patients go for periodic 
physicals or for some type of screening, than to private 
physicians who are generally concerned with treating 
existing aiiments. 
To assist the physician in analyzing a patient's 
health, three outputs have been developed. Computer pro-
grams have been written for generating these three outputs. 
The principle output is the patient health profile. 
This output displays twenty-six of the patient's clinical 
variables with respect to established norms for the patient 
age group. Those variables falling outside the 95 percent 
confidence limits are flagged for further medical attention. 
1 23 
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A multivariate chi-square test is also part of the health 
profile. The computed chi-square value, which considers 
the correlation pattern between the variables, can be 
considered as a composite measure of the patient's health. 
The second output is a plot of the composite measure 
of the patient's health (i.e., his chi-square values) as a 
function of time: that is, from exam to exam. By observing 
this composite measure, it is possible to detect any overall 
longitudinal drift in the patient's health. Various levels 
of significance can be assigned to these composite measures 
for assigning risk factors to a possible drift in the 
patient's health. 
The third output is a summary of the patient's medical 
folder. Included in this summary are a history of the 
patient's prior physical and laboratory details, and all his 
prior scheduled and nonscheduled visits for some type of 
medical treatment. 
The model's capability of detecting abnormalities was 
tested by taking a sample of patients from the initial 
sample and from an independent source. The results are 
summarized in Table XXXV. From the table, using the data 
from the initial sample, 33.2 percent of the patients who 
are diagnosed as normal by the doctor are also classified 
as normal by the model. Likewise, 29.9 percent who are 
TABLE XXXV 
COMPARISON OF MODEL'S AGREEMENT 








33. 2% 12.8% 
24.1% 29.9% 
57.3% 42. 7% 








20.1% 13. 2% 
25. 3% 41.4% 










diagnosed as abnormal by the doctor are also classified as 
abnormal by the model. 
The model classified 12.8 percent of the patients nor-
mal while the doctor diagnosed them abnormal. In addition, 
the model classified 24.1 percent of the patients abnormal 
while the doctor diagnosed them normal. It is this area, 
those patients diagnosed as normal by the doctor and abnor-
mal by the model, where the real payoff of the model exists. 
It may be that for a percentage of these patients, the 
doctor failed to detect an abnormality. Since the model 
considers the correlation pattern between the variables, it 
. 
may be that the model is able to detect an abnormality which 
was overlooked by the physician. Further analysis of the 
24.1 percent resulted in 20 percent of these patients being 
diagnosed as abnormal. 
Use of Research Results 
As originally stated, the source of data for this 
research is the MSFC Medical Center. Therefore, many of the 
variables used in the development of the patient's health 
profile may be unique to this center. In addition, the 
three outputs may also reflect some of the unique require-
ments and features of the Medical Center. 
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To date the Medical Center has begun to implement the 
results of this research. First, the means and standard 
deviations for the age groups are being used by the Medical 
Center as indicators of the distributions of the variables 
of the MSFC population. 
The second use of the results of this research is that 
the patient summaries are being added to the patient 
folders. The summaries are to be updated each time a 
patient visits the Medical Center for a physical. To date, 
patient summaries have been added to all employees having 
executive physicals. 
The third use of the results of this research is the 
Medical Center's acceptance of the patient health profile 
as an excellent tool to assist the physician in analyzing 
a patient's health. Plans are under way to start computing 
health profiles on all physicals given in 1971. 
Possible Uses of Research 
Considerable more interest is beginning to be focused 
on the health of the nation's population. This is evident 
by the large appropriations being made to medical research 
by the government as well as by industries and universities. 
One such area of interest which is presently being 
pursued by many research organizations is the development 
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of a mobile health clinic. Such a clinic would travel to 
the patient, rather than the patient traveling to the 
clinic. At the clinic the patient receives a routine 
physical examination generally administered by technicians. 
The clinic would be connected via telephone lines to a com-
puter complex. At the computer complex a complete medical 
file would be maintained on the patient. All the analysis 
on the patient's physical and lab would be done by the com-
puter. 
The results of the analysis would be returned to the 
mobile clinic before the patient leaves. Then, should the 
results indicate some abnormality or near abnormal condi-
tion, the patient could be referred to a private physician 
for detailed individual consultation and treatment. 
It is in such an environment as just described that the 
research in this thesis has a great potential. At the time 
the patient's physical and lab data is being analyzed by 
the computer, the data could also be impacted against pre-
defined age group norms and a statistical analysis made. 
A pilot study has been conducted concerning the feasi-
bility of having the results of this research on-line via 
a terminal. The statistical routines which create the 
patient health profiles have been programmed to operate in 
an on-line environment using the Marshall Information 
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Retrieval and Display System (MIRADS) (20). The use of the 
system is depicted in Figure 21 • 
• 
Input to the system is via a teletype and consists of 
the values for the patient's twenty-eight variables. These 
values are then compared against the age group norms and the 
results returned via the teletype. The output is the 
patient health profile as shown in Figures 13, 14, and 15. 
Areas of Additional Research 
The findings of this research readily point to many 
areas of further investigation. Several of these areas are 
briefly presented in the following paragraphs. 
The first area of additional research is the adding of 
the two pulmonary variables and then re-evaluating the 
model's capability of detecting abnormalities. 
An additional source of data for increasing the number 
of variables is from the Medical Center's ballistocardio-
gram and treadmill tests. Data on these tests is just 
beginning to be stored in the medical data base. 
Because of the limited number of patients having more 
than one examination, the concept of using the chi-square 
value as a composite measure of the patient's health could 
not be adequately tested. A further area of research would 
be to obtain additional examinations on patients and 
Teletype 
Age Group 










observe their longitudinal drift. It may be possible that. 
this chi-square value could be used as an early indicator 
of some abnormal, or near abnormal, condition. 
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DESCRIPTION OF CLINICAL VARIABLES 
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Physical Variables 
In addition to height and weight, six physical vari-
ables are used in this research. Pulse is the rythmic 
beating of the arteries due to the passage of the blood 
waves resulting from successive contractions of the heart. 
The pulse is felt in the wrist by pressing the fingers on 
the artery. 
Blood pressure is a measure of the pressure exerted by 
the blood on the walls of the arteries. Blood pressure is 
expressed in two figures: the large one, systolic, is the 
reading obtained at the moment when the heart contracts; 
and the smaller one, diastolic, is the reading at the time 
the heart relaxes. 
The ratio actual weight/ideal weight compares the 
patient's actual weight with his ideal weight. The ideal 
weight is obtained from tables and is based on the patient's 
height and frame. 
The arm and back skin folds are measured by pinching 
the back of the arm and waist and then using calipers. 
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Variables Related to Blood 
Of the many test performed on blood, six are consid-
ered in this study. Bilirubin is derived from the hemo-
globin in red blood cells which have been broken down. It 
is constantly being produced, and is excreted by the liver 
into the bile. There is always a small amount in the serum. 
The procedure for collecting a speciman is to withdraw 
venous blood and place it in a test tube and allow it to 
coagulate. The test is performed on the serum. To the 
sample of serum is added a reagent. A colored product is 
formed and the intensity of the color is used as a measure 
of the bilirubin concentration. 
White blood cells are important in the defense of the 
body against invading microorganisms, since they destroy 
most harmful bacteria. The procedure for collecting a spec-
iman is to withdraw venous blood and place the blood in a 
special pip.ette. Diluting solution is then added and the 
contents thoroughly mixed. The diluted suspension is then 
allowed to flow into a space in a special counting chamber. 
Through the use of a microscope, the cells per unit area are 
then counted and the number of cells calculated. 
Cholesterol is a normal constituent of the blood and is 
found in all cells. In various disease states the 
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cholesterol in the serum may be raised or lowered. The 
procedure for collecting a speciman is to withdraw venous 
blood, place it in a test tube,, and allow it to coagulate. 
The test is performed on the serum. Reagents are added and 
the color intensity is measured which is proportional to 
the cholesterol concentration. 
The glucose test is performed to discover whether there 
is a disorder of glucose metabolism. The test consists of 
drawing venous blood. After coagulation the amount of 
glucose present in the serum is determined colorimetrically. 
The hematocrit test measures the percent of the total 
volume of blood which is composed of the blood cells. The 
test consists of placing venous blood in an oxalate tube. 
The tube is then spun in a centrifuge and the height of the 
~olumn of packed red blood cells measured against the 
graduation on the side of the tube. 
The enzyme, serum glutamic pyruvic transamenase (SGPT) 
is found in several tissues. Its serum levels become 
elevated when those tissues are diseased. Amounts of SGPT 
present in the serum are determined colorimetrically. 
The uric acid test is used to determine the uric acid 
concentration in the blood. The test consists of adding a 
reagent to a sample of blood serum which produces a blue 
color with the uric acid. The intensity of the color is 
measured and the concentration calculated. 
Variables Related to Urine 
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Four clinical variables relating to urine are used in 
this study. The Addis test consists of counting the number 
of cells and casts in the urine sediment. A comparison of 
the amount of each suggest the type of kidney disorder. The 
test consists of thoroughly mixing the urine speciman. A 
sample is then centrifuged and the sediment examined micro-
scopically. The white cells, the red cells, and the casts 
are then counted. 
The pH test indicates the degree of acidity of the 
urine. The kidney maintains the blood at the correct pH 
by excreting into the urine any excess ions which might 
alter the pH of the blood. The test consists of dropping a 
strip of nitrazine paper into the urine. The color change, 
compared to a standard chart, indicates the pH. 
The specific gravity test indicates the degree of con-
centration of dissolved material in the urine. The test 
consists of placing a standard urinometer into the urine. 
The extent to which the urinometer sinks in the urine 
determines the specific gravity. 
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Chest X-Ray Variables 
The three variables from the chest x-ray are the total 
heart diameter, the thoracic diameter, and the T.D./TH.D. 
ratio (See Figure 22). The total heart diameter and the 
thoracic diameter are measured directly from the x-ray using 
a scale. 
Vertabrae 
.-.~----..... _., ______ .._ ______ Total Heart 
Diameter 
Thoracic Diameter 
Figure 22. Chest X-Ray 
Electrocardiogram Variables 
The electrocardiograph is an instrument for recording 
the changes in the electrical potential of the heart which 
are transmitted through the limbs and chest wall. The 
electrocardiogram records the electrical potentials of the 
heart. 
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If the patient is considered as the conductor and the 
electrical impulses originating in the heart as the source 
of potential differences, then the magnitude and direction 
of the current produced may be measured. The typical EKG 
of a cardiac cycle appears as shown in Figure 23 and con-
sists of a series of waves designated by the P wave, the 
QRS complex, the T wave, and the U wave. 
R 
PR Segment 





PR Interval s ST Segment 
_,. __ Time 
.,..---.~QRS Duration 
QT Interval 
Figure 23. Waves of the Electrocardiogram 
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Those variables which are considered for this study 
are: PR interval which is measured from the beginning of the 
P wave to the beginning of the ORS complexr the ORS duration 
which is measured from the first wave of the complex to the 
end of the last wave of the complex7 the ORS axis which is 
the magnitude of the mean electrical axis of the ORS com-
plex7 and the heart rate which is determined from the 
cycle length. 
Pulmonary Function Variables 
The pulmonary function tests are usefull in detecting 
general airway obstructions. These tests are conducted 
using a recording spirometer. Two variables are available 
from the spirometer: vital capacity and forced expiration 
volume. 
The vital capacity test consists of the patient taking 
a deep breath and then blowing out slowly, and as com-
pletely as possible, all the air in the patient's lungs. 
The total volume delivered is called the vital capacity. 
The forced expiration volume test consists of the 
patient taking a deep breath and then blowing out as large 
a volume of air as possible in one second. The total vqlume 
of air delivered in one second is called the forced expira-
tion volume (FEV1}. 
APPENDIX B 
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Figure 29. Glucose for Age Group 55-59 
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ESTIMATES OF POPULATION STATISTICS FOR EACH AGE GROUP 
TABLE XXXVI 
POPULATION STATISTICS FOR AGE GROUP 20-29 
___ ESTIMATES OF_POPULATION_ STATISTICS 
CLASSIFICATION ••••• SEX• MALE ••••• MINIMUM AGE• 20 ••••• MAXIMUM AGE• 29 
VARIABLE 
NU Mn ER 





DEVIATION - 51.ZE (TEST FOR NORMALITYJ 
2.so2'ls 91 
2 1\ElGHT i69o2S000 2'1•1~098 88 
J ACTUAL WEJGHT/IOEAL WEIGHT 007202 0122s1 a1 
- 'I - PULSE ------- -- '1026977--~----- o I 1613 ---------------89----
5 SYSTOLIC ULOOO PHESSUHE '10716!2 ·1161J 91 
6 - - U1ASTO~!C BLOOD- PRESSURE - • 2 2 9 S 3 - ------------ • 1 3 2 1 8 --- --- -- - 9 2 
1 ARM SKIN FOLDS 2·2'1030 0'19922 '17 
8 tlACK SKIN FOLDS 2 • 6 2 5 7 S o 'I 'I 1 0 9 - 'f·S 
9 MEMATQCl(IT '!S.U'l2ss 2o0'!737 9'1 
- -- -- tU-------lr'oHIH.: tlLOOIJ-COUN-T------- ---------·'Io l 6l!70 ---;---·--o 17868------ 9'!-------
11 ijLUCUSE FASTINij 'f o 'IOJ75 o I 1779 · 9'1 
12 CHOL ES TEHOL- 5 • 32387 ------------- • l ti 705 95 
i J UtHC ACIIJ 
l 'i SGI' T 
1.601'1'1 018235 9'1 
2.'lt1'110 ,55233 - 86. 
15 . TOl11L t!ILIRUliIN 3,27518 1.738~6 95 
------------16 - ---- -- lJ RI f·IE Rt:D C.ELL--COUNT---
v,H l TE. CELL COUNT 
SPl:.CIFIC ~f<AVITY 
---------------h u 3 9 o 2- -------. 2 a 9 'I o---------s s 
11 URINE 
I ti UFc 111E 
I 't 
,j!Q 
UR I l~t: t'fi 
-TOTAL HEART OIAMl,,;TER-
THOHACIC OIAMETEH 
2,'16303 lo03'13b Sq 
1,76'158 -------------.55'121 ---96--
2o'l'l5'12 - •1'1196 96 
- --- 1 2 • 'I 2 !:l S 7 --- ----- -1 o 'f 7 1 9 b --- - - '19 








Tor AL- HE AH T - 0 I A IT HOKAC-1 e---01-AMETEH---- ---- , 'IQ 702----- , 0'1330 ------- ----'17-----------
EK C. HEAid l'<A H.: '1, 1 '1209 ol'!2'17 92 
--PR I NT t: RV A I.. ------------- ------ 2, 7 '18 S 3 --- - -- --- o 1 1 8 9 !> --------- -- 'I ti-----------
GIRS INTEHVAL 
~RS AXIS 
VITAi.. CAPACITY (VCI 
FoNcEo EXPIHAT!ON VQLUME-(FEVII 
2o870 al .uso'l1 '19 
57086792 260698'19 53 
'1,9'1091 ,33750 22 


















• 1 181 
• 0'18'1 







• l l J'I 




POPULATION STATISTICS FOR AGE GROUP 30-34 
.---------·---------ES T_l.M A TES __ OFJ Of'_U !, AT_lQN __ s lA T 1 ST le s _ -·--·····----------------------·- --- ,,, 
. C LA !;IS IE 1 CAT. !olll ___ •_•_ •• • __ S!;;X __ .. __ MA L,t:; ______ • • •_• • ___ M 1 NI.MUM .AGE _ •_ _ 3Q ___ !•_! •-• __ MAXI MVM_ A_GE c• ___ 3 'f. 
VAR I 1181.~ ___ _ 
NUMtlEli VARIABLE NAME 
1 Ht:IGHT 
2 WEIGl1T - ·- -- ----
3 ACTUAL WEIGHTIIOlAL WEIGHT 
'f ... - - p u L. s l -·- - ,, -- --- -- - -
!:i SY:.TUL.lC OL.OOD PHESSUt<t:: 
6 DIASTOLIC JLOOD PHESSURE 
7 AHM SKIN FOLDS 
U UACK SKIN FOL.OS 
'i HEMATQCRIT 
· -- · ------------ I U--- ---v, HITE BL. 00 l)-·COUN T------- · 
11 GLUCOSE FASTING 
1i ~HUL.EsrEROL. 
13 Ut-<!C ACIIJ 
l 'f S<,PT 
IS TOTAL 61LIRUBIN 
10 ·- Ut-<!NE NED CELL COUNT 
17 Ut-<INE WHITE CELL COUNT 
18 Ut-<!NE SPECIFIC GHA~ITY 
1 '/ UR I fl E f" H 
7.U TOT11L HlART DIAMl:.:TER 
21 THOHACIC UIAMETER 
Mt:AN 
/1020952 
_STAND_A_RO ____ SA.MPI.E_ __MAX l MUM _O l_ffERENCE ___ _ 
DEVIATION . SIZE (TEST fOR NORMALITY> 
2o3301'f 210 01209 
- ----- -- · - · · -- --· · - -1 7 8 • 9 5 2 3 B 2 2 • 6.1 I 2 9 - - 2 I O o O 6 1 O 
011337 011199 207 00296 
'f .20920 --- ·---~ - o 12'192 .. --------- 211----- --------·-·---·-·- -·- 008 76 
'f.712'!3 oll'f26 212 00628 
-- - --- - 'f • 2 'f 7 2 3 o 1 3 2 5 'f - 2 1 3 o O 9 9 3 
2 • 3 7 3 71 , '18 6 3 2 B 2 . _o 1 0 '19 
-- - ----- - 2 • 7 'l S 1 9 • 3 9 0 2 6 · 8 3 • 0 7 3 6 
'!5.03211- 2.31661 218 00921 
-"! o 19 6 2 9---. ---·---. 20 0 28 ----2 20--------·- • 06 7 0 - -----
'f.'13363 ol2'f58 2l'f 00606 
So379!B •18012 215 ,0660 
1•59138 021779 209 00961.f 
2•55272 .seso2 l9S o06b'f 
2.YJSo'f lo8382'f 217 •0873 
-- · I • 0 2 i' 416 -- ----·---- · • I 9 6 1. 0 - -- - --l O 3 --··--·-·- ---- - ---· • O'f 61-- -------·- ----- --
2 • 6 3 1 s 9 I • c:, 3 3 'I !l. I o 'f o O 9 b 3 
1•68813 o6l77'f 219 •l02J 
2.'+2s1C ol53"1o 22u oO'f71 
-12.S0!:,95 I.U8798 8'f 01026 
Jl.39'112 1,'fS7YJ as 00873 
Ll · ·TOTAL HEM<l DI A/ I HOR11c-ic-01 AME-TEtt---- - .. ,39890·------ ,0298!! --·--- · OJ· -·00690 
il EKG HEAHT NATE 'f,17502 ol6"160 211 ,0700 
2~ PN !NTLHVA~ 2.1~107 012296 8'! ,0328 
7.~ Qf!S INTl::HVAL 2o86t,J!l o 01.f 'l'fc:, 83 
7.6 ~RS AXIS so.s2ouJ 2Y•31'fYO 96 
27 \llrAI. CAPACITY (VC) s.OQ'!l7 072561 2'1 
2 8 -- · - F O R C ED EXP I R A T I O I~ - V O LUM E - I F EV I )----;-- - --- -- 'I • 0 6 6 6 7 - ------------ • b Q 'IO 9 · ·----·-- .. 2 ... ---
00327 
o I '123 
o 11 03 





POPULATION STATISTICS FOR AGE GROUP 35-39 
EST·IHATES OF POPULATION STATISTICS 
CLA~SIFICATION ••••• SEX• MALE ••••• MIKI MUM AGE• 35. ••••• MA~lHUH AGE•_ 39 
VAR I A!ll,E. 
NU11U£N VARIABLE NAME 
Hf!GHT 
_______ ST_ANDARI?~----- SAHPLI;_ MAXIMUM DIFFERENCE. _______ _ 
Mt::AN DEVIATION ·.SIZE (TEST FOR NORMALITYl_ 
71006677 2037798 629 00906 
2 V.E I liHT -------- · l80ol6720 z3o8.8l>Ol 628 o05't3 
3 ACTUAL WE!~HT/!DtAL WEIGHT ,12206 ,11322 .619 00399 
'i ·· PULSE -------------~----'l,289·25---------- ·, 12739--------~26--------------.oas6 ------
S 5Y5TOLIC bLOOO P~ESSURE '1,72552 ol09Y8 031 •0650 
6 U!A5TOLJC bLOOO PRESSURE -- · -- -·-·-- -· · - 't • 2 7 S 5 3 - - o I 2 7 8 S -· - - 6 3 O · ·- , 0 9 'I 6 
7 ANN SKIN fULOS 20J~s17 ,'17103 221 ,06'16 
8 HACK SKIN FOLDS 2,79362 ----------,3885'1 -232 ·----·-- •0636 
'I HF.M/\TOClllT 'l'to6't5S5 2026857 6'11 ~oa~7 
----10·---·-- ·--l"IH I TE BLOOD-COUNT--- ---~------··'! o 20 398-------. 2191+5 639------------.0651- ------··----· 
11 bLUCOSl fASTlNb 'to't26'19 ,1'1220 63'1 oO'lt6 
12 CHULESTERu~ • 'i I 515 - -----·, 16587------ 635 ----·· - ·-----·--··· · • 0506 ---


















u RI Ii t: -K 1;.1:, LE LL--c-OuN T-
UN IN t. ~Hilt. CELL ccu~, 
2,56182 --·-·--------·--oS369b--- · - --58'1 --·-·- -·---··------ 00785 ----·-·--- · 
3,29b87 lo7!927 6'11 01396 
-------! ,O't 1-23-----o 28.38'1------30q--------------, U'lb3----. ----· 
2,37021 1,25315 303 00570 
UK!Nc. SPECIFIC G,kAVITY-·------ -- ·--1 o bB.; 5 9 --- ·- ----·--• 59 'I 66 ------ 636--------·- ------- --• 0 9 7 7----- -- · 
.Uf<IIIE t-'H 2o't2Y't2 ol5'i51 b'II 0050'1 
Tor t,L hE.Af<T DI fd,11::TER -·- ---·-····-------- -- ·------· -·12, 95902 --·--1,3797 3 --- ---- -2'1'!------- ----- 00830 
l'l1UHACIC DlAMt.Tr-1< 31,'+2008 l,7611'1 2'1'1 ,oaoo 
ToT AL IH::AH T ·DI A/THOR·A-C-l-(;--0-1 MlETER -- , 't 128'+---- -o 03 790 2'12------·-----oO't'l9-'------- ----- --· 
EKu HEAf<T kATE 'lol6QQ2 ,lh02S 625 ,0616 
f't..: INTlf<\IAL -----·-----------------2,7639'1 ------ ··· 012351-------· 2'1'!---·--------00277 
QH5 INTERVAL 2,86596 ,0'!792 '2'1'1 •0172 
l,/N5 IIXIS- --·------·------- 'i'lo'f06J'I z9o9976'1 ------ 293------· ·01236-··----·---·· 
VITAL C.:APAC!TY (V() '1,77317 ,6.9921 82 00918 
f O I< C.:£ O E ii f' IR AT I ot, VO L\JM E -(FE V 1-)--·----- --· ---···· -3, 8 '+ 9 3 S - --·--------- --• S 5 5 9 I ------ 0 I -·--·- · -'------- , 0 7 7 0 ------------·· ...... 
°' w 
TABLE XXXIX 
POPULATION STATISTICS FOR AGE GROUP 40-44 
r.__HlMA u:s __ OF_.P_Of'VL.ATJQN_SJAUSlr '~----------------,-·······--·---·· 
CLASSIFICATION_••••• .SEX• MALE ••••• MINIMUM.AGE• 'IQ ••••~ MAXIMUM ~GE• .'1'1 
~AR I A a I.E .. _ .. _ .• __________________ -------··--- __ _ _______ ,_ST.ANOAR_D __ ,_s~_MPLE ____ MAXlH\HL.DJEFEREN_(E _____ -__ 
NUM!:iEH VAliIABLE NAME HEAN DEVIATION . SIZE. (TEST FOR NORHALITYJ 
HEIGHT 70063593 2 o 'l'l 7'12 629 00991 
2 \\EIGHT -------- --· ··· 179o03tl'10 23oSS'l26- 625 •0'1'11 
3 AClUAL IIElC:iHT/lDlAL WEIGHT 012798 011182 617 00365 
··- ----··PULSE - ------ --- -- - ·---- --- ··--·--- · - ···- --- - 'I • 3 CS 1 2· ------------- • I 2 B ti ti---· ---- -- b 1 6 ----- --·· - · • 0 9 2 S 
b SYSTULlC ULOOD PkESSUkE 'lo7'1St 1 o 121'16 627 oOS90 
t, D 1 AST 01. 1 C l;SL 00 D--PN ES S Uk E -- ---- --- -------- ---- ---·-'! • 2 9 3 1 2 ---------·--·- o 1 3166--------- 6 2 7 --- .o O 80 I ---
7 AkM !:il\lN FOL[.,S 2039266 o'l695Q 209 o09S2 
ll l:lAC~; SKIN .t QLOS -- ·· -----------· - - 201.l!,728 o3'1b'IO 206 o 1003 
9 t1t:;l11110C.R1T '1So02c69 20396'16 637 olOOI 
1 U V,H I l E bLOOD· COUNT------· ----------------------------'! o 2 6 7 6 3----·--------. 20 753 -------- 63'1 --------------- o 0319 -----·--·--------
11 GLUCOSE. FAST ING 't o't'l9S9 o 1SS20 632 o0'177 
12 CHOl.ESH.kOL - ------- · ------ ------------- --- 5 0'1'1792· -------- o 17393- ---------- 63 t - · -·· 00508 ·---·- --
I J UICI(; I\Clli l 059806 022532 629 00527 
1 'i ~ G ,, ·r 2 • s 2 1, 1 1 o !:> a _s 7 a s t1 a o o 6 " s 
15 TOT1\L lllLIP.Ul:llN 3033350 lo76'172 b'I) ol330 
16· Ui<lllE f<(Ll CELI. COUNT·----··· ......... ---·- ·····- hGOQOU--·····--·--oOOOOu-----·--291-- :_ ___________ .. ~---oOOU0----~-------
1 7 . U I< 111 L Ii HI l L <.ELL COUNT 2 o 2 7 7 9 9 I • 15 I 'I 'I 2 9 0 • 0 6 7 5 
I IJ UH ! I, E SP t:: C l F I C G HA '"11 Y 1 • 6 1 7 1 7 • 6 0 5 5 8 6 3 5 • 0 8 2 3 
!Y Ut<lliC l'li 20'12919 015790 6'11 •0'166 
20 TO'l 1\L liLAr<l U I AHETER 13 • 3606,2 1 o 'IUY27 226 00816 
21 lHUl<ACIC DJM1LTEH 31oS'l!:!67 lt8220'1 226 •0985 
22 TOTAL 11EAH1 lilA/l110RACJC·-01AMETER-------·- o't.?'t'll··--·-·-----.o3B31 · --- 225··---- -· --------- 00323 · 
2J EKC. HEAt-iT kAll:; 'tt11J'f96 ol66'1'1 62'1 00663 
2'1 l'R lfHLRVAL ------- 20766'19 ---- oll6'IO---,·-· 220--------- •0318 
2!> ORS INlERVhL 2oB6067 0050'13 222 00269 
2 6 1..1 RS AX I S 'IO • Cl O O O O 3 0 o 'I 3 6 9 9 - 2 7 'I ----- ------ · - - · o O 9 3 5 
27 VITAL C.Af'ACJTY (V(l '10601,60 06237'1 93 o075S 




POPULATION STATISTICS FOR AGE GROUP 45-49 
ESTIMATES Of POPULATION STATISTICS 

































ACTUAL WEIGHT/IDEAL WEIGHT 
f'ULSE 
SYSTOLIC BLOOD PRESSURE 
DIASTOLIC ~LOUD PRESSURE 
ARM SKIN FOLDS 
BACK SKIN FOLUS 
HEMATOCRlT 
STANDARD SAMPLE MAXIMUM OlffERENtE 
·--·-----------·-·MEAN ____________ DEV ,AT 1 ow·--·- SIZE ···--1 TEST"FOR-NORMAL·l TY,-------
-70,37292-------- 2,32552 783 
179,02561 2'1,08360 781 
;13552 ,11908 775 
'1,30'!83 ,12616 708 
---- ----------- --'t • 7 6 3 9 3 ---- - --- ---- , I 3 5 1!:, --------- 7 B l 
't,31823 ,1'121'1 780 
2,32179 ,'18322 '116 
2,8'1030 ,38621 '110 





· ·· ---- ----- ----- .-o 1 't 9-- · --------




'i,2'12't'i ,20558 792 ,0'171 WHITE BLOOO COUNT 
GLUCOSE fASTlNG 
CHOLESTERCIL 




URlNE KEO CELL COUNT 
UH!NE WHITE CELL COUNT-
URINE SPECIFIC GRAVITY 
URINE f'H 
TOTAL HEART DIAMETER 
THORACIC UIAMETER 
TOTAL HEART DIA/THORACIC 




VITAL CAPACITY cVCI 
5,'16'195 ,17113 791 ,0386 
1,58227" ------- ,21939 793 -,0512 
2o't57'!3 ,53722 716 •0951 
3,36532" 1,7'1568 801 ,1225 
1,027'12 ,22638 51'1 tO'IO'I 
· ---- ----- --- ------:--·----··z, z 9% 9 -- ----~-- ·--r,; 235'11 ------ ·s 1.2-----------------------. os&3 ------------
1,5921 'i ,59!:>60 789 ,0811 
---- 2,'i228l , 16659 797 ,O'i62 ---
13,36885 1,31009 'i27 ,1006 
-- 31,2'1825-. - -- -1,73361 -- -- 't29 - -- •0710 
DIAMETER ,'12805 ,036'18 '125 ,036't 
· ---- ------------- 'i. 1a9 0 o·------ - ----- ·, 1s77 .. - --- --- - · 1 s3 ----- --------- --------, O'i9u 
2,78773 ,1290'1 't30 ,0225 
-------- . ----- 2,8608'i --- ----. ,0!:>213 .. 't26 ,0186 
3'1o62BoO 31,33505 500 •0903 
'i,'11532···-------- ,6S927 ·235 ,0535 




POPULATION STATISTICS FOR AGE GROUP 50-54 
• MALE ••••• _MINIMUM AGE • - - -so ··-· .. MAX I MUM AGE_ • Slf - - - I -- '_- -1 
E5-TIMATES Of' POPULATION STATISTICS 
·,-> ,. ·- . ---··-- """ ----·-·,--· 
. ·_.. . .' . ··:.->~·-'<· ........ l,~_: ... J . . 
_ VAR I ABLE __ _ - '"''·i,; 
----.- ---N UM 8 CR·-_ --v-A"RTAt3l:r--NAr1 ....,..~-~-
STANDARD SAMPLE-- MAXIMUM 01~:f-~R~~~E-- _ : 
- - - - --- - - - - - - •- - - - - - -- ,_ - - I 
-"------o-e-v-r-A·r-1·0N--_--·-'--s1zE-'---. - 11°·£5-T--·FOR-~NoRM-AL-lT'l'-1--,_,_-_ -_ -\ 
I 
·· 1 -- . -- ... HE I G ti T .. --,·-:··-:c·--~:- .. --·-,-· -·-- -- - -.. -·- ·· ... · ---- ·- ·- --,:· ··'-·::· · 7 0 • '+ I 5 8 6 --- : ' ·· :..2 • 3 S 5 7 7 ;-,-• ·' --- -:-, 6 t-9 c-----· --- ---- --- • I O 8 If · -----,- -~----- - , '···:· .i 
2 - W[JGHT - _- - _- -- _-_ ·_ 178.75527 23.90104 - 617 -- - - . .oso1 < - \ 
··- · 3 -- ---- Ac; TU~-~-- WE'! GHTfll) t.AL .. WETGHr···- ----,-.----------,-- -- -. fa<1os----~ -,-------- -.-u v-1-0-- ---- -6~1 '+ --- --,- ~-=:::::. ----:·'--, .; 0)2-1'---~,-- .. ::.C: . ..i~- _/ 
•1 PULSf.: - -. _- ____ -- - - -- -- ----- _-____ -- _____ ,_- '1030551 - . - ol2'1'19 _-- ' 611 - . .oees ·< I 
----------·-s -----sfs'roLTc"-st.:iYb·r:,···rRt•rsu·,rE-----------~-~-'-'--q·;1e:&19~-..--~-----.1i1029----·--621-:- .. ----,~--, .. ~-~-:----:.o,1n -- . · : . i 
---~ -- -- --~! ~ SJ~i ~-\I~ ~-i?. ~f{,E_s_ ~U!~,~-- ~·----'--·' ,.\ ...... ~ .. -.... : .... ; : ~.;: 6; . .. ·--- -- - : ! :g~ !---. -..... ; ;! .. , ---- ---- ·- .. --- : ~;: r. -"-·-,---,J 
_ 8 BACK jt<JN f'.01.DS - - - 2.80'169 .391_37 333 _ . . o06'iS - ·--- _--• - - ; 
.. ···- - ----~ .,------HEl~AT O"CR Jr····---··-..------,----------.. -- -,----------..s·.29630----------z-.-s2011--_-----bZ--l--~-----~-------------, 10 ,,._,: __ , .. -,-~--:.:--'.,'-
! o- 1Vi11 TE BL O o D .C 6 IJ NT - . . 'Io 2 b 2 81 - - • 2 '1 '? 5 0 - , 6,t 9 - - • 0 'I i o -- • . -
·-··- --- - I i ··----"· G1,.. u coc; E ·rAS Tl NG"'----•---:-:-----------------''---•·-----'--..---··q ,-41S?3 6~---.---~'--.t'I SJ s------7 --623· __ -< - ~---'-'--··.--- .oss2---- .. :.,._.:"-~'."':~,--
' -- 12 ·cHOLESTCROI. S,'172'11 ol6b69 623 - ,O'fOS - --
·- _.. -·~- _ I 3 .. ----- UR re AC l D - ------- .. .. ... ------------------ ..... ------· - -- - .... ·-~-1 • s-7 7 sa----- · '--------- .-2?. I 30 .,,, -6 2'i ·····--- ---··· - • 053 7: -- -
I'! .SGP f 2o '13685 ,52595 S'12 o088't 
fs _.,.,. TOTAL'tiJL!RJ)l'!lN ···--····---------· -----------· ------ J;.3b?.:'l'I --- ~- ··fo7S568 · ··631· ------- ...... - ·o l"l72 
II, URINE RFD Cf.LL COUNT I 00'1050 · .-23blb '09 - · .os:l8 
----·-,· -, i---------- OR rnt-·1·fl-n.,.-·c-c-i::cc·ro:JNT_,_ ----.. ---'··--~-------2 .3 2 31,t,-··--'----1-.--20:t"s------·---'t 1-s--~~~---·'·-- ---·· 0602----'...,.:.,~-'---
I a URINE SPF.Clf'IC GRAVITY lo6l69'l. o5!3'17'1 b,20 - . 00900 
- -------- I Ufl!Nf'. PH ·-------- --- 2,'11331·---~------- .,lf,162··-- 62'-I oOS00--
20- TO.TAL lffArH DIAM!'TER IJ,51)580 l,33535 3qo ollll · 
I ..... THO~ACIC'- D!AMi::TER_____ .. ,, __________ --- ··31,'1'!'112-----·-·-:····--·to76657,-------- .. -3'+.0·- ··"·'·----,-· -- ,---- ~071'1 -
.22 TOTAL HEART l)IA/TtiOTiAClC-OlAMETER .'131)!3. ,O'.l9_2S 338 .0'.\51 
---- .... z3···· ....... EKG . H !::A RT. RAT r.· ·----. --- ---- ··-···-····, ----- ··------·-·--········--- --~--- ·IJ .-1965 S-- ..... ..c.:~-----·--, -.1 S-89 -1-•----·:--------- ·I. 2 'l -.. _--- -.··· · --- -----,--...:.- • 0 S3S 
Vt. PR INTE:RlfAI. 2,79'107 - ol3l03 - 3'!1! .0231 
75· •. , .. QR5 IIH[RVAL' ~-,-- - ----- --·---------· · --~------···--'------2.86536·-------- ---'.ossto ------,--·3'+0·----- ... , .01a9 
?b QRS'AXIS :rn.75366 32.2s1(,1 '410 . 
0
•00908 
.. 2 7 ---,~VI TAI.. (}, PACTT Y- I vcr·· · · · --- .. · --- ----· -------- · · · --- "· 3'b25 9 -- .. , .. --···--· -- ,bf, 76 7' .,- .. ----1 'I '1,'- - --------- - - • 053 l 
28 FORCED EXPIRATION VOLUME (FEVl) 3~35'!'-IZ 058722 l'lj 00936 ~ 
I 
TABLE XLII 
POPULATION STATISTICS FOR AGE GROUP 55-59 
ESTIMATES OF POPULATION STATISTIC5 
CLASSIFICATION ••••• SEX • MALE ••••• MINIMUM AGE• SS ••••• MAXIMUM AGE• 59 
VARIABLE 
---- NU MR ER. ·----y A l~TA O Lt--n AME""·----------
STANDARD SAMPLE MAXIMUM OJFFEffENCE 
-----MEAN------OE-V·I-A·T-1-0N---SI-ZE---(TEST FOR--NORHAL 1 T-Y I 
1· HEfGlfl ·····--····--·---· --------- 70.1887'1--------- -2.JSS63-··-- 302- 0 1133. 
2 WEIGHT 179.71617 23o516Yl 303 .0'132 
3 - . --- ACTUAL WE I GHTI roEA1.;--u..:1GHT---------.---~--.1·'18(18----· --.-H'IS'f-----299--- ----- - ·--· 0595. 
'I PULSE '1 o 31)6'1'1 • 13021 292 . • 0891 
---s-----·svsToLn:-s·co·o·o-F'lle:ss·rJ~ .. -.-a:3ob-<1 .-i- .. a10 300--· __ _:_ _________ .0761----------
b DIASTOLIC BLOOD PRESSURE '1035079 ol3'1'10 300 .07Jb 
7. Al~M SKIN FO!-DS ··-········-·· -·--··-··-------------·---2.36593·------------.'1'192'1------163----------·, ·-· .0739 
fl f!ACK SKIN FOLDS 2,6S'17S .32726 159 .0917 
... -·· ---·· .. 9 - HEM AT OCR IT ····-··--·- -·------·-·-----------'! S • 169 3 8···---- 2 o·'l:7 S 50-----307--·-----------------·-• 086 'I 
I n W H I T E B L O O O C O tJ N T • 'I • 2 S b 'I b • 1 9 7 7 5 3 0 6 • 0 3 I! 9 . 
·---- Tl --·-··--·c;uJCOSE"" •AST"lrll';- 'lo"I 66 7 3 .-1 1 265----30 !----·-----------. 07'13 
12 CHOLESTEROL So'1700'1 ~16590 306 003~3 
I 3 UR IC ACID... . ----- -- ·- ---- -· ··-------- ------1 • S 9 3 3 8 ----·---- • 21 9 '17 ------'- ··- 305 - ··-· -- ·-- · • OS 39 
I" SGPT 2.'IOSSI o 1H'l73 267 .oai9 
· 1c-, TOTAL ~!LHWBIW·- -·--··-· ---- ·------ --------·--··3.31,u1.2-----------··-h7092'1·--------311 ·- 01610· 
16 URINE.MED CELL COUNT 1.01'121 ol'll'12 199 o03SO 
---------; I 7··--· ----UR INC 'Ni·f!T C CE CC.'C ODtH- 2 ·.•11'i37- -,-Z038 s-----1 97 --~-----------. 0 7 1 8 ------,----------
1 A URINE SPECIFIC GRAVITY 1.,579'17 o5?3b9 302 ol2U'I 
I 9 U fl IN E PH -----·····- .. ----------- ----·- ---- 2 • 'I 12 6 S·----------.1 6 H5'1--··---· 305-· -- .,-- --··•·--· · · o O 'I 7 1 
.20 TOTAL HEAMT DIAMETER 13.67160 1o29'i5f) 1b9 .1116 
-··-··21 ----- - THOR 11C IC. ·o !A METER ·-------------------------31 ·• S32S.'l---·--h 7 6957------169·---~- ---~ 0782 
22 fOTAL HEART DIA/THORACIC DIAMETER •"3325 oOJ628 167 .o0Sl6 
-----·--·-·2 3-·---·-EKG "HORT RATE ----------------··---· -'I-. I •mt :3 ,-11, 336 303_---------·co 0569------· 
2 'I PR ! IH EM VAL 2, 7 9 6 7 6 • l 2 6 0 6 l 7 l. • 0 2 b 6 
--- --·- ..... 2 5 -- ...... QR S I IH £RV AL·-·- ·-- . -· ----· ·-----------··--·----------- -··· 2 • A 7 3 7 2 ···--------., l.l 6? 3 1--------170----------- ----·· - · • 0 7 1 8 
26 QMS AXIS 28,'18705 32,S<;Ol'I 193 ,0752 
·21 VITAL CAPACITY-·< vcr--·---------------------- 'I, 0 11337 ________ ,·6r,932-------·· 83· ··----·· ....... --· 00788 
7A FORCED EXPIRATION VnLUME (FEVI) 3.10'189 ,57989 A2 .oau1 




POPULATION STATISTICS'FOR AGE GROUP 60-64 
.. 
ESTIMATES OF POPULATION STATISTICS 
·- -··-··---·----. 
CLASSIFICATION ••••• SEX • MALE ••••• MINIMUM AGE• 60 ••••• MAKIMUM AGE• 6'f 
VARIABLE STANDARD SAMPLE MAXIMUM.DIFFEffENCE 
----- NUMBE~ --·--lfAl'I IA BLE---N-A"ME------------0---------ME·A N OEYI-H--1-eN--' -S I-ZE--------C-T EST--- FOR--NORMAL IT Y--1 
.. I . HEIGHT --- ---------------·------ -------------------------------·-69 ,-69388----- ----2-, 31 91 l--·-·-··· 1·'11--·---- · -- -- --- -- ·· - • 0961 
?. I'/ E fG HT . I 7 8 • 0 If OS 'I 2 3 • 0 7 9 8 3 I 4 8 • 0 'I .l 3 
----- -· --- J"' ~-- ... ACTlJA"1..;··wETGHT/JDEAL--Y!E"l"GHr·------.-------: ..• I 5007 ---.-+t-409 Pl7-------------------------,0533---- ----
" PULSE '1,308'12 ,11953 1'10 ,1210 
·---- ·---- 5·------·s Y 'i T OL re --{j("Q"O D-P R f.5'5URE ... i 0 sos B .-1-<t'07 8----+'15--·-----~-----·-- • 05'18 ---~----
6 DIASTOLIC IH.000 PHESS-UffE 't,3'f369 ,13291 1'16 ,0932 
-- -------- --- 7 -· ------- ARII SY. IN F'Ot.Ds--------------- -------- . -- ----------2.2561·9---------,'ISSS0----------69----------------------- .: o-1208 · 
8 BACK SKIN FOLDS 2,79955 o'f0139 '68 ·olO.SS 
-- - --- - - 9·--- -- HEMA TOCR IT- ------- --- -------------------------,-C----------'l'I ·• 90'17&--------2 ,-19693·----l-'l7---------------------c--;_, I 037 -
I U VI H I TE UL O O O COUNT 'I , 2 S 2 0 9 • I 9 5 9 0 I '17 • 0 7 Y 3 
-------------1 r·---- G~UCOSE"'rASTTNG-- -·'f .·'19·22 .-1735'1 I 'IS-----· --------.oes2.:... ...... ~-----------
l ?. , CHOL E 5 H: RO L S , 'i 6 8 9 3 ~ I 5 9 B 'I 1 '! 8 ·- • 0 7 1 7 
I 3 - . UR I c·A Cl D .. ------ ------· ----- - -- - ---- ·- -- -·-··- ------- -1 • 597 IJ 6· ·-------------. 19 7 'f 'I -------- -- I 'I 6 -- - ·· -- - --· 0 9 7 O 
l'f SGPT 2,37'ilS ,'16077 128 -.· -~07!>2 
I;---- --- .. To TAL. 131 LTRU ti rN ··--·--- --- --------------------- ·-- --- --- 3, 77 IO 2---------1·, SB 9 09 ----,-----1 '19-- ---- , ________ . ..:: __ - -- -a, l j 36 
16 URINE RED CE.LL COUNT 1.12035 ,'16882 77 006'13 
--------·i'r---·-·--·uRt NE"Wl-lln: ·--cE[c··-c·oirN ·2·.·61 S75 .-ut:'i9----. --7·7~----------.----. US35--------,-------
J IJ URINE SPECI~-IC GRAVITY 1,56892 ,609'13 1'18 ,IIY'I .. 
·,9--·-· "URINE PH --·-------· -------------------------------··z,'!3930-------------·,l6230-----------~l'i8 ---'·----, ···· o0'158 
.20 TOTAL HEART OIAMETER 13.557t'i l,'163'13 70 ,1065 
.. -- ·2 I ------· · r HOR At. IC DI A Mf.T ER' - ...... -------------------------------·--- 3 I • I 'f 2 Tl 6----------h 9? I 18··-· ----· -- 70 - --- ----·-------- -- .; I 06 If 
22 TOTAL HEART DIA/THORACIC DIAMETER ,'IJ556 ,03636 69 0061!1 
2 3 . - 1:.K G HEt.RT'-frA TE ----------·-------------- tt·.-1 73?8- --.-1-'t 'l"l?------1 '+1----·-:·----·---------·--· 061! 6-. ---- --· ......... ----- -, 
7'1 PR INTERVAL 2,795?0 •13739 6_8 ,0326 
2 5 . QR S ItJT ERV AL . -- ......... ------- - -----. -----------------·-- -- 2 • A 7 S 7 !j .... ------------ • 07 00 0 ---- ------ · -· 6 9 ---···----- --- ·· ·-- · • 0530 
21, QRS AXIS 20,9'1667 31,85520 75 ,07'il 
2'1 .. -- .. VITAL CAPAC IT y· ( VtT--- --- ---- ----- -- -------- ·---------- 3 • AOS•II ------------- -. 66872 --------·· 3 7 -- ....... ------- -- - ~ 0929 · 
~IJ F'ORCEri EXfl!r!AT!ON VoLIIME (FEVl) 2.90811 ,62110 37 .0823 ....... 
°' CX> 
TABLE XLIV 
POPULATION STATISTICS FOR AGE GROUP 45-54 
. EST I MAT~ S. 0 f' _p OPULA T l ON ST AT 1 ST 1 CS _ __ _ _ _ 
CLASSIFICATION ••••• SEX_• MALE • • • • • MI N 1 MUM AGE • . 'IS . • • • • • .. MAX I MUM AGE . • S 'I 
_VARIABLE 








1 'f O l 
(TEST FOR NORMAL.ITYI 
•1012 
·2 ~•EiC.HT · ----·- ·· -------178e90629 ··· 2309.9500 1398 - •0393 
J ACTUAL. '1'1l:.JC.HTIIOl:.AL IH:IGHT ol3'i87 ell90S 1389 003'1'1 
'I · · f' UL. !:i 1-. · · ·········- ···· ·· ·• ·· --·· · ----·----- ·-··- ---·------····------ · 'I• 3.0 S 1 3 · - • I 2 !:> 3 8 · ·--· · - I 3 7 9 -- • 0 8 8 2 - --- ···-·--·--
S SYSTOLIC llLOOD Pf<ESSlJHE 'lo77'iOS 013787 1'102 e0772 
6 CJJA!:iTOLl<.: bL.000 f'RESSURE _______ :______ 'fo32J06 ol'IIS8- ·· 1'102 •0872 
1 ARI·\ SKIN FllLOS 2,32279 0'1811:i'I 1!',2 e0769 
ll bAtK SI\IN HJLOS --·-·-- ·-·-- 2o82'13'1 ··03886.7·· 7'13 00803., 
9 · h Ul AT O C. I< I T 'i S, 2 0 I 9 8 2 •SI 3 3 2 l 'I I 6 , 0 9 3 & 
I U ---- --- liH·l Tt-. t.,LOOL>·COlJNl~-----··---·-·· ------'!, 25 J 38---,-----. 21190·----l 'l 11 °-- ·-----· ··- -- -. O'l'IO· 
II C.LUCOSE. fASTINC. 'f,'1'1'106 ol'1'103 1'109 o0'1'17 
I 2 <.: H UL I:. S 1 E. ll o L ·· · · ·- · S , 'I 6 8 2 'I , l 6 9 l 1 I 'I l 'I • 0 3 7 'I 
IJ lJF,J(. AC..!ll lo!:.8020 e22017 1'117 o0'176 
I 'I Se, I' T - -- ··· ·· ... ·· - - ·· -- · · · -- 2 , 'I 'I 9 'I 2 · · - · ··- · • S 3 2 2 6 I 2 S 8 · • O 9 2 7 
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Figure 48. Multivariate Check for Age Group 50-54 
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